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A video decoding method according to this document
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based on a first neighboring block located on a left side of
a current block, deriving a second candidate intra prediction
mode based on a second neighboring block located on an
upper side of the current block, constructing a most probable
mode (MPM) list for the current block based on the first
candidate intra prediction mode and the second candidate
intra prediction mode, deriving an intra prediction mode for
the current block based on the MPM list, generating pre-
dicted samples by performing prediction for the current
block based on the intra prediction mode, and generating a
reconstructed picture for the current block based on the
predicted samples.
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IntrafredModeff xCh [ yCh ] is incremented by one.
The veriabe IniaPrechodef[ x [ y ] with # = xCb.Cb + ctiWadth - 1 and
= ChyCb + hHeght - 1k et to be qual o InePredhode¥] xCb JyCh ]
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FIG. 6
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Derive residual samples based on prediction samples f~—$610

¥
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CEND)
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QOriginal picture

FIG. 7
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FIG. 8

(START)
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Determine intra prediction mode for current block
based on received prediction mode information

¥

- 5800

Derive neighboring reference samples - S810

L

Perform prediction {generate prediction samples} |~ 5820

¥

Derive residual samples based on residual information f~— 5830

L
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|
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FIG. 9

331

[

Prediction mode determiner
(333}

Prediction mode
information

Reference sample deriver | | Prediction sample
(334)

Reference area
within current picture

Prediction sample deriver
(335)

intra predictor



U.S. Patent Dec. 24,2024 Sheet 10 of 20 US 12,177,421 B2

FIG. 10
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FIG. 11
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FIG. 16

(START)

{
Derive first candidate intra prediction mode

based on first neighboring block located on left side 51600
of current block
Derive second candidate intra prediction mode 61
based on second neighboring block located on 51610
upper side of current block
¥
Configure MPM list for current block based on o S1E20

first candidate intra prediction mode and
second candidate intra prediction mode

¥

Determine intra prediction mode for current block  f~—$1630

Generate prediction samples by performing prediction

for current block based on intra prediction mode | > 040

]

Encode image information including intra prediction

mode information for current block 51650

END
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FIG. 17

(START)

1 ]

Derive first candidate intra prediction mode
based on first neighboring block located on
left side of current block

51700

Derive second candidate intra prediction mode
based on second neighboring block located on
upper side of current block

 }

—~ 51710

Configure MPM list for current block based on
first candidate intra prediction mode and
second candidate intra prediction mode

¥

51720

Derive intra prediction mode for

current block based on MPM list 351730

Generate prediction samples by performing
prediction on current block based on
intra prediction mode

51740

Generate reconstructed picture for
current block based on prediction samples
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END
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FIG. 19
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Terived o process for ha intfa presfiction mode
vp.t to this process e

- alama location { «Ci, yCb ) specifying

the top-lef: sample of the eurrent luma coding bicck

salative {6 the fop-ef- luma sampleof the coment piciire;
~ avafiabie coWidh specifying the width of te cutrent coding Blodk in luma samiples.
~ avariable coreight soecifing the height of the curment toling 2 &ck i fowa samiples,
£ <his procss, this a1 prediction miode IntraPredboos¥]yCh I yCh | s dérved.
Tatle 231 specifies the vlue for the inya pedicion mode ntraPrediodef xCb [ Cb] and

the associated 1ames:

Table 23-1-§

Ration of via pediction inode and associaed names

Iniva prediction mode Associated feme
i} WRA PLARAR
1 NBRADC
.66 F7RA_ANGLARZ 3 RA ANGULARES
7 IHT38 COLM

NOTE - The ire pregiction node INTRA_CLLM is anly applicelie to chioma cornorients,

riraFredhader] «C J yCb § ic derived by the following ordared sheps:

. The neighboning locations {sNoA YNBA) and (0008, BB ) R set equal to
b~ 1,9k chaight -1 hand e chlidth - 1,50k - 1) respectively.

¥ being rep aced by elther A or B, the variaes condntreFredhzceX are dedved a5

fallows:

- The avalebilty dervation process “or & block as specfiec 1 clause 4% [kl 188)
MNeigtborng blot s aval ability ¢hecking procéss thd] is voled wih the location
4Curr, yCur ) seteua o (G, yCo ) and the neighfiour rg locarion  aNbY, yNBY )
set eqal tor{ s YN 3 36 inpues, 21d the output is assigned th avaliabie.

- The candidate intra pred tlion mode candinteaP-ecModelt is derved as follows;
~ fFoie o more of the follciwing conditiong are true. <andimraPrediodal & set

ol 0 INTIA PLANAR.

- Thevaristle availableX is equiaf to FALSE

~ CuPrecMordel xNGX J[ yNEX | is nol aqual to MODE SNTRA.

2

- KisequatoBand (b Fiskssthen TiyCt > UalogiSiseY) <<
(b og2Size

~therw'se, cand arraPreditodeX is set equal o Intre-eciore¥ xNBX Jf vhib

The candModelist] « ] with x = 0.5 s derved as-fol cws:

- e

tl

(] = candinraPrediodes. ]

tanchlodetist{ t ] = tcardintraPredhioded ft]
aanchlodeliof] 21 = INTRAANGULARSG &3
canohodelisi] 3] = INTRA ANGULARIG B4
canchiadelist] 4 | - INFRA AMGULARGE &5
canchiodetist] 5 | = NNERA ANGULARS &6

FeandintaPredioded s spalts eandintrarediaded, oo folowng apphes:

-Af candintraPrechloded i lage than 1 candbodelist] ¢ ] vith s = 0.5 &s derivd

3¢ follows:

cenifivcdelis!] ( } = candinirafreciodss &5

ndiécdelis] 1] = IVTRA PLANAR %

canddsdelist( 2 ] = WIRADC &9

candiodelicf3 | = 2+ {tandroaPredioded « 821565} {840

caniMedelis] 4 = 2+ (] cand naPrecbioded - 11% 653 @

candiadelic®] 5] = 2+ ({ cand wiaPredhoded + 513 % 65 813
Qtherwise icancintraPraciored s not enual w candintafred Veres), e
aghes:

~tandhodelist] 0 ] and cargMosalist] T Jare derived a3 follons:

candadelist{ G = cndinizredode 43

candhodelis 1 = cancintiadredVoded i)
-9et the variable biggerlo s 22 folows

bggendk = candiode it C] > canchodelst, 1]78:1 B8

N Bt of cendiniraPrediodes, dmd candintraPredhloded ase Jarger than §

cendbodetisy x |wilth « = 2.5 45 derived a5 Tollows,

cndade it 2| = INTRAPLARNAR {16}

andhiede ] 3] = WIRADC 1%
-« If candodelistibiggerlds - candModeist ‘tiggertok] is eoual fo neither 84
or 1, e following apy fes:

neioelit 4] = 2 + {{ candMlodelisibiogen + 52) % 653 318

candhoelist] 51 = 2+ { {candMadelistbiggerdh - 1) %853 3191

- (rherise, e fs owing appliss:

41224 1 aModelistoig

b + 611 hES) 520

candWiadelist. 51 = 2 + { cenoNodelictlbiagertde % 65 1]

~Cttzmwise, s of candiniraPresMoneA and candrtraPrediodsl s ager or
exual to 2 the fofowing applies:
canridodeliss

= I epraModeli] ? Higgerlox] 82

eandiode.ist] 7] = £ + ({ candbodelistb ggertdd + 621 % 55 ) k]
<andiodecist] 4] = 2 + {{ condModeélifbiggericn] - 1)% 63 ) kvl
candiode.ist] 3] = 2 + (4 candWicdlelistib pgerds] + 611 %85 &35

4. intrarediode] +C J1 ¥ | is derived b adn ying the folowing foedive

- Tintia_vme mpr flagl 3Co Y 4Ch | is equz o 1, the IntraPrecibode¥] sCh [[¥Eh ]
ic sevepual fo candbodel s intra s mpm idif 5Cb 1f yCE 11

- Othenwise, rtraPredodeY] xCb I yCb.Fis derivid 3y apphifig the ffonig ordered
steps.

1. The aray candhorelist x | « = 2.5 is modified by the folowing eroeed steps:
i “ord sequenially equals 1o 3 to 4, inc usive; aaly.

il For | secusntally squdls 101 ¢ 1t 5, Taclushva, compare candbicoel st 1]
te caudViodelis] | | When cadiodels i | s greater than
carsModelist”| ] hoth v uss are swaoed as follows:

{candModsList{ 1] canablode st § 17 = Swaptcandboceliot 1}
croblodelst | B 826

2 tmaPredhiodey] xCh 1 yCb T Is derived by the folowng alefed steps

ieFrachzoett wCo Il yTb ] is sef eque 0

infraJurma_mpm semainder] «(b [yCh |

ii. For i equal to 0 to 5, inclusive, when IntraPredModsY xCb ][ yCb ] is
greater than or equal to candModelist{ 1], the value of
IntraPredModeY[ xCh J[ yCh ] is incremented by one.

The variable IntraPredModeY[ x [y Jwith x = xCh.xCh + cbWidth - Tand
y = yCb.yCh + cbHeight — 11s set to be equal to IntraPredModeY[ xCb J[ yCb |

TABLE 11
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Cerhation process for uma e pediction mode
Pt 10 this praosss are

- 2 lama bezden {sCh yCh spacfyng the fop-aft sanvale of the sumenti wa coning blos

elive to the tep-left ma saple of the e,

2 valable chWidit specify g the width o faercurrent coding olock it fuma samg 25
- 3afable chi-eight specivirg the he ght of the qument coding block i L saripes:
13 1h's process. the kv v grediction mode IntaRredModeY]xCo  yCk § is derved.
Table 8-1 speeifies 1 value fo~-be inta predietior mede frinPradidede¥] sCb J yCh Jand the

assor sted names,

Table 8-1 - Spacificat o of i prediction oz and associated pares

fntra prediction mote Assaciated name
g HTRA PLANAR
1 NTRA BC
256 NTRA ANGULARZ. INTRA_ANGJ.RE6
# NTRA (O

N2 = #hé irira predliction rmodk INJRA.CC M 15 crly apolicable w0 cvaina eomponens
st-aPredvioced] €k | yvCh s deed by the olowing ordered steps:
The eighbouting locations {x"b; yNoA | anc: 1:dBB sNbE) aré set equal to
{XCo'= ", yChacabeight | and § wChreliidth 1, oCk - 1) respectivery.

Fos 3 il replaced by eithe & or B, tie vatialles candintiaP psbdcde e dertved s

followe:

~ The evalabilty ceiivation provess for a alock as seced in cause 4N [Ed. 3B
Nelghbol ing blocks.ava'abl ty rerk ingr precess the] i iruoked with the location

{elur yurr  setequal o 405, 2o band the raigabaurhg ecation [ xbY, yNbY )

set equal ¢ LoDX, YK} 25 inouks, and he output & asrigned 1o 2v6 4k X
- “he tandidate Intra predict on modde caointraPeiMoceX is deved a6 %ol ows:

~ I one ot mote of the Blloving corditions a1 e, candintraP-edadeX s s
seul o INTRA PLANSR.

= The variable ava 3b € is 2q.el o SALSE

CuPreciiodel silsi [ y9bA | nd¥ equa fe MOT INTRA

Kis equal < Bani yCh - Vislessthan { (b 3> Ctblog2Siel ) 4«

{0028 Y,

- Otherwse, cand nitraPredMocsX i se- equal to IniraPrediodey] xNEX T shbx |

Tae cardMose st withx = £33 darived a5 o dome

saeModatist” 0] = candlriraPredhdaded JLSH
canModatit’ ] = ! sadistaPredVioded &2
caoModelit ¥} = NTRAAVGULARS) B3
caeModelist 3 = NTRA ANGULARTS 4
coModelist 4 ] = NTRA ANGULARES 85
caiodatiet 51 = NTRA ANGULARSE 88

- 1 canc. eraPredbods® is equal w candintraPrediloded, te following applies:

HeandintraPrediaded is larger than 1, cardode Bt{x } with » = 15 isdersec

as ot

cepchdodelist 0 = cardirimaPedhicded 7
icMadelif 1) = INTRA PLANAR 58
caieModatist] £ = INTRADC LR
cevoModatist]§ {{candintiaPediioded + 611 % 34 $10;
gchiodelisti £ = 2 ({andintoPrediiodah - 11% 94} -t

ceroModelist 5 = 2 ¢ [ FeandintraPredModen + £0) % 34} 12

- Oferwice feandiraPrechode & o paual s candintaPredhdcdeds, the folowing
pples.
< cardMode st 0 ] and candiadelist 1] 26 datived a5 folows:
criohlodelist] ¥ - andlrtraPiechiadel (813
sareVodalist] 1 - candirfraPredidoded [LREN
Sehe vaable biggerldi s as flows :

b goeri = cendidadelist{ 1 > cardModelist{ 11201 15

it boh o candleraPreeModed and zandirtrabreokodeB e Jorger ther |
canModelist] x| withx =25 s derived as follovs

canehoteist 2 = INTRA PLANAR B1H)
GerdMode st 37 = INT%8 BC (3]

< 1 candodelit bigyeride ] —zndModelist ! biggerkic i lerger than 1 ard
srnafer tFar 43, the folowirg appfes -

carigModel'sti 41 =2 + (( candodelist biggerine } + 51 7% 64} 3-18)

canopodel st} § 1= 2+ cendiodelist biggerds - 11%647  B-19)

~ Otherixiss, the falicwing appies :
candiiodelis 4] = 2 + {{ candModelist] siggerion | + 80 Y% 64 1 520

candiodelist 5] = 2+ concMode. st biggerlde ] %643 G201

- Othewise, if sum of cendiFtraPredModed and cand ntvaPredhicdeR is farger o

equel tc 2, t1e following apphies ;
arolodstisl2] = | canohcdlelst {1 biggeridk ] &3
sardiodalist 3] = 2 +-( [ candModelist] B ggedox § + €11%64) §ed)
cardiodsti 4] =2 +  {candModetist b dgedes - 1158 B
zardidodelist 5= Z + ¢ { candblodelis] E'ggedor + €01%.54)  825)
imraPrediede VT xCh 17 yCb Vs derived! by aoplying the foliow g procedure:

- Hirtr homa patag sCh yCh Tis eqda 0 1, the IriraPedMotdeY] 1Ch J[yCh )
i getequal o caneModel s irtra Juma mipm i Ch T yCh 1

- Qrhenaise, Irtraf edbode¥[xCh [yCh ] s derivedt by oplyiry the folowing
ordered sieps

The arsay carcModel, 8] % = .5 & od fied by te followirg oderec stepis

i, ori seqaentialy ecuals to Dte 4 nusive, apaly s

il. Forj sequerdialy equals 01 + 1 ta S, inclusive, compare candModelis 1)
to cawhodedst] |} when candModelst 1 is grealer than
candViodelis] | ). both alues ere swepped 35 “ollows:

[ candVicdelist 1} candViode. st ] ¥ = Swap( candModelig )

andilodeli]j ) &6
IrtraPeedidode] xCh i Ce | is deed by she o lowing ardered steps:

I intraFediocer[xCb {yCb 15 set equal

inga_bima_mam emairder] B L yCh |

. Foriequalto0to 5, inclusive, when IntraPredModeY[ xCh [ yCb ] s
greater than or egual to candModelist] i ], the value of
IntraPredModeY[ xCh ][ yCb ] is incremented by one.
The variable IntraPredModeY[ x [y I with ¥ = xCb.xCb + cbWidth - 1 and
y = yCb.yCh + cbHeight - 1 s set to be equal to IntraPredModeV] xCb Jf yCb |

TABLE 12
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KR2019/013223, filed on Oct. 8, 2019, which claims prior-
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BACKGROUND

Field

This document relates to an image coding technology and,
more particularly, to a video coding method and apparatus
using an intra prediction based on an MPM list.

Related Art

The demands for high-resolution and high-quality images
and video, such as an ultra high definition (UHD) image and
video of 4K or 8K or more, are recently increasing in various
fields. As image and video data become high resolution and
high quality, the amount of information or the number of bits
that is relatively transmitted is increased compared to the
existing image and video data. Accordingly, if image data is
transmitted using a medium, such as the existing wired or
wireless wideband line, or image and video data are stored
using the existing storage medium, transmission costs and
storage costs are increased.

Furthermore, interests and demands for immersive media,
such as virtual reality (VR), artificial reality (AR) content or
a hologram, are recently increasing. The broadcasting of an
image and video having image characteristics different from
those of real images, such as game images, is increasing.

Accordingly, there is a need for a high-efficiency image
and video compression technology in order to effectively
compress and transmit or store and playback information of
high-resolution and high-quality images and video having
such various characteristics.

SUMMARY

This document provides a method and apparatus for
enhancing image coding efficiency.

This document provides an efficient intra prediction
method and apparatus.

This document provides a video coding method and
apparatus for deriving an MPM list for an efficient intra
prediction.

This document provides an intra prediction method and
apparatus for configuring MPM candidates within an MPM
list for an efficient intra prediction.

In an aspect, there is provided a video decoding method
performed by a decoding apparatus. The method includes
deriving a first candidate intra prediction mode based on a
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first neighboring block which is located in a left side of a
current block, deriving a second candidate intra prediction
mode based on a second neighboring block which is located
in an upper side of the current block, constructing MPM
(Most Probable Mode) list for the current block based on the
first candidate intra prediction mode and the second candi-
date intra prediction mode, deriving an intra prediction
mode for the current block based on the MPM list, gener-
ating predicted samples by performing prediction for the
current block based on the intra prediction mode, and
generating a reconstructed picture for the current block
based on the predicted samples. The step of constructing the
MPM list includes deriving MPM candidates including at
least one of the first candidate intra prediction mode or the
second candidate intra prediction mode, and at least one
candidate of the MPM candidates is derived by applying a
64 modular arithmetic operation to the first candidate intra
prediction mode or the second candidate intra prediction
mode.

In another aspect, there is provided a video encoding
method performed by an encoding apparatus. The method
includes deriving a first candidate intra prediction mode
based on a first neighboring block which is located in a left
side of a current block, deriving a second candidate intra
prediction mode based on a second neighboring block which
is located in an upper side of the current block, constructing
MPM(Most Probable Mode) list for the current block based
on the first candidate intra prediction mode and the second
candidate intra prediction mode, determining an intra pre-
diction mode for the current block, generate prediction
samples by performing a prediction for the current block
based on the intra prediction mode, and encoding image
information including intra prediction mode information for
the current block. The step of constructing the MPM list
includes deriving MPM candidates including at least one of
the first candidate intra prediction mode or the second
candidate intra prediction mode, and at least one candidate
of'the MPM candidates is derived by applying a 64 modular
arithmetic operation to the first candidate intra prediction
mode or the second candidate intra prediction mode.

According to this document, overall image and video
compression efficiency can be enhanced.

According to this document, computational complexity
can be reduced and overall coding efficiency can be
improved through an efficient intra prediction.

According to this document, an MPM list can be effi-
ciently configured by considering an increase in the number
of intra prediction modes. Furthermore, the accuracy of an
MPM list for indicating an intra prediction mode of a current
block can be improved, and overall coding efficiency can be
improved.

According to this document, prediction performance can
be improved and computational complexity can be reduced
because MPM candidates within an MPM list are configured
by considering prediction performance, complexity, predic-
tion directivity, etc.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 schematically illustrates an example of a video/
image coding system to which embodiments of this docu-
ment may be applied.

FIG. 2 is a diagram schematically describing the configu-
ration of a video/image encoding apparatus to which
embodiments of this document may be applied.



US 12,177,421 B2

3

FIG. 3 is a diagram schematically describing the configu-
ration of a video/image decoding apparatus to which
embodiments of this document may be applied.

FIG. 4 illustrates an example of an image encoding
method performed by a video encoding apparatus.

FIG. 5 illustrates an example of a video coding method
performed by a decoding apparatus.

FIG. 6 illustrates an example of an image encoding
method based on an intra prediction and FIG. 7 schemati-
cally illustrates an intra predictor within the encoding appa-
ratus.

FIG. 8 illustrates an example of a video coding method
based on an intra prediction and FIG. 9 schematically
illustrates an intra predictor within the decoding apparatus.

FIG. 10 illustrates 65 directional intra prediction modes.

FIG. 11 illustrates neighboring blocks of a current block.

FIGS. 12 and 13 are flowcharts schematically illustrating
a method of configuring an MPM list for a current block.

FIG. 14 is a flowchart illustrating an embodiment of a
method of configuring an MPM list for a current block.

FIG. 15 is a flowchart illustrating another embodiment of
a method of configuring an MPM list for a current block.

FIG. 16 is a flowchart schematically illustrating an encod-
ing method which may be performed by the encoding
apparatus according to an embodiment of this document.

FIG. 17 is a flowchart schematically illustrating a decod-
ing method which may be performed by the decoding
apparatus according to an embodiment of this document.

FIG. 18 illustrates an example of a content streaming
system to which embodiments disclosed in this document
may be applied.

FIG. 19 illustrates an MPM list which may be configured
based on an algorithm (i.e., spec), such as Table 11 accord-
ing to an embodiment of this document.

FIG. 20 illustrates an MPM list which may be configured
based on an algorithm (i.e., spec), such as Table 12 accord-
ing to another embodiment of this document.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

This document may be modified in various ways and may
have various embodiments, and specific embodiments will
be illustrated in the drawings and described in detail. How-
ever, this does not intend to limit this document to the
specific embodiments. Terms commonly used in this speci-
fication are used to describe a specific embodiment and is
not used to limit the technical spirit of this document. An
expression of the singular number includes plural expres-
sions unless evidently expressed otherwise in the context. A
term, such as “include” or “have” in this specification,
should be understood to indicate the existence of a charac-
teristic, number, step, operation, element, part, or a combi-
nation of them described in the specification and not to
exclude the existence or the possibility of the addition of one
or more other characteristics, numbers, steps, operations,
elements, parts or a combination of them.

Meanwhile, elements in the drawings described in this
document are independently illustrated for convenience of
description related to different characteristic functions. This
does not mean that each of the elements is implemented as
separate hardware or separate software. For example, at least
two of elements may be combined to form a single element,
or a single element may be divided into a plurality of
elements. An embodiment in which elements are combined
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and/or separated is also included in the scope of rights of this
document unless it deviates from the essence of this docu-
ment.

Hereinafter, preferred embodiments of this document are
described more specifically with reference to the accompa-
nying drawings. Hereinafter, in the drawings, the same
reference numeral is used in the same element, and a
redundant description of the same element may be omitted.

This document relates to video/image coding. For
example, the methods/embodiments disclosed in this docu-
ment may be applied to a method disclosed in the versatile
video coding (VVC), the EVC (essential video coding)
standard, the AOMedia Video 1 (AV1) standard, the 2nd
generation of audio video coding standard (AVS2), or the
next generation video/image coding standard (ex. H.267 or
H.268, etc.).

This document presents various embodiments of video/
image coding, and the embodiments may be performed in
combination with each other unless otherwise mentioned.

In this document, video may refer to a series of images
over time. Picture generally refers to a unit representing one
image in a specific time zone, and a slice/tile is a unit
constituting part of a picture in coding. The slice/tile may
include one or more coding tree units (CTUs). One picture
may consist of one or more slices/tiles. One picture may
consist of one or more tile groups. One tile group may
include one or more tiles. A brick may represent a rectan-
gular region of CTU rows within a tile in a picture. A tile
may be partitioned into multiple bricks, each of which
consisting of one or more CTU rows within the tile. A tile
that is not partitioned into multiple bricks may be also
referred to as a brick. A brick scan is a specific sequential
ordering of CTUs partitioning a picture in which the CTUs
are ordered consecutively in CTU raster scan in a brick,
bricks within a tile are ordered consecutively in a raster scan
of the bricks of the tile, and tiles in a picture are ordered
consecutively in a raster scan of the tiles of the picture. A tile
is a rectangular region of CTUs within a particular tile
column and a particular tile row in a picture. The tile column
is a rectangular region of CTUs having a height equal to the
height of the picture and a width specified by syntax
elements in the picture parameter set. The tile row is a
rectangular region of CTUs having a height specified by
syntax elements in the picture parameter set and a width
equal to the width of the picture. A tile scan is a specific
sequential ordering of CTUs partitioning a picture in which
the CTUs are ordered consecutively in CTU raster scan in a
tile whereas tiles in a picture are ordered consecutively in a
raster scan of the tiles of the picture. A slice includes an
integer number of bricks of a picture that may be exclusively
contained in a single NAL unit. A slice may consist of either
the number of complete tiles or only a consecutive sequence
of complete bricks of one tile. Tile groups and slices may be
used interchangeably in this document. For example, in this
document, a tile group/tile group header may be called a
slice/slice header.

A pixel or a pel may mean a smallest unit constituting one
picture (or image). Also, ‘sample’ may be used as a term
corresponding to a pixel. A sample may generally represent
a pixel or a value of a pixel, and may represent only a
pixel/pixel value of a luma component or only a pixel/pixel
value of a chroma component.

A unit may represent a basic unit of image processing. The
unit may include at least one of a specific region of the
picture and information related to the region. One unit may
include one luma block and two chroma (ex. cb, cr) blocks.
The unit may be used interchangeably with terms such as
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block or area in some cases. In a general case, an MxN block
may include samples (or sample arrays) or a set (or array) of
transform coefficients of M columns and N rows.

In this document, the term /” and “,” should be inter-
preted to indicate “and/or.” For instance, the expression
“A/B” may mean “A and/or B.” Further, “A, B” may mean
“A and/or B.” Further, “A/B/C” may mean “at least one of
A, B, and/or C.” Also, “A/B/C” may mean “at least one of
A, B, and/or C.”

Further, in the document, the term “or” should be inter-
preted to indicate “and/or.” For instance, the expression “A
or B” may comprise 1) only A, 2) only B, and/or 3) both A
and B. In other words, the term “or” in this document should
be interpreted to indicate “additionally or alternatively.”

FIG. 1 schematically illustrates an example of a video/
image coding system to which embodiments of this docu-
ment may be applied.

Referring to FIG. 1, a video/image coding system may
include a first device (source device) and a second device
(receiving device). The source device may deliver encoded
video/image information or data in the form of a file or
streaming to the receiving device via a digital storage
medium or network.

The source device may include a video source, an encod-
ing apparatus, and a transmitter. The receiving device may
include a receiver, a decoding apparatus, and a renderer. The
encoding apparatus may be called a video/image encoding
apparatus, and the decoding apparatus may be called a
video/image decoding apparatus. The transmitter may be
included in the encoding apparatus. The receiver may be
included in the decoding apparatus. The renderer may
include a display, and the display may be configured as a
separate device or an external component.

The video source may acquire video/image through a
process of capturing, synthesizing, or generating the video/
image. The video source may include a video/image capture
device and/or a video/image generating device. The video/
image capture device may include, for example, one or more
cameras, video/image archives including previously cap-
tured video/images, and the like. The video/image generat-
ing device may include, for example, computers, tablets and
smartphones, and may (electronically) generate video/im-
ages. For example, a virtual video/image may be generated
through a computer or the like. In this case, the video/image
capturing process may be replaced by a process of gener-
ating related data.

The encoding apparatus may encode input video/image.
The encoding apparatus may perform a series of procedures
such as prediction, transform, and quantization for compres-
sion and coding efficiency. The encoded data (encoded
video/image information) may be output in the form of a
bitstream.

The transmitter may transmit the encoded image/image
information or data output in the form of a bitstream to the
receiver of the receiving device through a digital storage
medium or a network in the form of a file or streaming. The
digital storage medium may include various storage medi-
ums such as USB, SD, CD, DVD, Blueray, HDD, SSD, and
the like. The transmitter may include an element for gener-
ating a media file through a predetermined file format and
may include an element for transmission through a broad-
cast/communication network. The receiver may receive/
extract the bitstream and transmit the received bitstream to
the decoding apparatus.

The decoding apparatus may decode the video/image by
performing a series of procedures such as dequantization,
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inverse transform, and prediction corresponding to the
operation of the encoding apparatus.

The renderer may render the decoded video/image. The
rendered video/image may be displayed through the display.

FIG. 2 is a schematic diagram illustrating a configuration
of a video/image encoding apparatus to which the embodi-
ments of the present document may be applied. Hereinafter,
the video encoding apparatus may include an image encod-
ing apparatus.

Referring to FIG. 2, the encoding apparatus 200 includes
an image partitioner 210, a predictor 220, a residual pro-
cessor 230, and an entropy encoder 240, an adder 250, a
filter 260, and a memory 270. The predictor 220 may include
an inter predictor 221 and an intra predictor 222. The
residual processor 230 may include a transformer 232, a
quantizer 233, a dequantizer 234, and an inverse transformer
235. The residual processor 230 may further include a
subtractor 231. The adder 250 may be called a reconstructor
or a reconstructed block generator. The image partitioner
210, the predictor 220, the residual processor 230, the
entropy encoder 240, the adder 250, and the filter 260 may
be configured by at least one hardware component (ex. an
encoder chipset or processor) according to an embodiment.
In addition, the memory 270 may include a decoded picture
buffer (DPB) or may be configured by a digital storage
medium. The hardware component may further include the
memory 270 as an internal/external component.

The image partitioner 210 may partition an input image
(or a picture or a frame) input to the encoding apparatus 200
into one or more processors. For example, the processor may
be called a coding unit (CU). In this case, the coding unit
may be recursively partitioned according to a quad-tree
binary-tree ternary-tree (QTBTTT) structure from a coding
tree unit (CTU) or a largest coding unit (LCU). For example,
one coding unit may be partitioned into a plurality of coding
units of a deeper depth based on a quad tree structure, a
binary tree structure, and/or a ternary structure. In this case,
for example, the quad tree structure may be applied first and
the binary tree structure and/or ternary structure may be
applied later. Alternatively, the binary tree structure may be
applied first. The coding procedure according to this docu-
ment may be performed based on the final coding unit that
is no longer partitioned. In this case, the largest coding unit
may be used as the final coding unit based on coding
efficiency according to image characteristics, or if necessary,
the coding unit may be recursively partitioned into coding
units of deeper depth and a coding unit having an optimal
size may be used as the final coding unit. Here, the coding
procedure may include a procedure of prediction, transform,
and reconstruction, which will be described later. As another
example, the processor may further include a prediction unit
(PU) or a transform unit (TU). In this case, the prediction
unit and the transform unit may be split or partitioned from
the aforementioned final coding unit. The prediction unit
may be a unit of sample prediction, and the transform unit
may be a unit for deriving a transform coefficient and/or a
unit for deriving a residual signal from the transform coef-
ficient.

The unit may be used interchangeably with terms such as
block or area in some cases. In a general case, an MxN block
may represent a set of samples or transform coeflicients
composed of M columns and N rows. A sample may
generally represent a pixel or a value of a pixel, may
represent only a pixel/pixel value of a luma component or
represent only a pixel/pixel value of a chroma component. A
sample may be used as a term corresponding to one picture
(or image) for a pixel or a pel.
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In the encoding apparatus 200, a prediction signal (pre-
dicted block, prediction sample array) output from the inter
predictor 221 or the intra predictor 222 is subtracted from an
input image signal (original block, original sample array) to
generate a residual signal residual block, residual sample
array), and the generated residual signal is transmitted to the
transformer 232. In this case, as shown, a unit for subtracting
a prediction signal (predicted block, prediction sample
array) from the input image signal (original block, original
sample array) in the encoder 200 may be called a subtractor
231. The predictor may perform prediction on a block to be
processed (hereinafter, referred to as a current block) and
generate a predicted block including prediction samples for
the current block. The predictor may determine whether
intra prediction or inter prediction is applied on a current
block or CU basis. As described later in the description of
each prediction mode, the predictor may generate various
information related to prediction, such as prediction mode
information, and transmit the generated information to the
entropy encoder 240. The information on the prediction may
be encoded in the entropy encoder 240 and output in the
form of a bitstream.

The intra predictor 222 may predict the current block by
referring to the samples in the current picture. The referred
samples may be located in the neighborhood of the current
block or may be located apart according to the prediction
mode. In the intra prediction, prediction modes may include
a plurality of non-directional modes and a plurality of
directional modes. The non-directional mode may include,
for example, a DC mode and a planar mode. The directional
mode may include, for example, 33 directional prediction
modes or 65 directional prediction modes according to the
degree of detail of the prediction direction. However, this is
merely an example, more or less directional prediction
modes may be used depending on a setting. The intra
predictor 222 may determine the prediction mode applied to
the current block by using a prediction mode applied to a
neighboring block.

The inter predictor 221 may derive a predicted block for
the current block based on a reference block (reference
sample array) specified by a motion vector on a reference
picture. Here, in order to reduce the amount of motion
information transmitted in the inter prediction mode, the
motion information may be predicted in units of blocks,
subblocks, or samples based on correlation of motion infor-
mation between the neighboring block and the current block.
The motion information may include a motion vector and a
reference picture index. The motion information may further
include inter prediction direction (L.O prediction, L1 predic-
tion, Bi prediction, etc.) information. In the case of inter
prediction, the neighboring block may include a spatial
neighboring block present in the current picture and a
temporal neighboring block present in the reference picture.
The reference picture including the reference block and the
reference picture including the temporal neighboring block
may be the same or different. The temporal neighboring
block may be called a collocated reference block, a co-
located CU (colCU), and the like, and the reference picture
including the temporal neighboring block may be called a
collocated picture (colPic). For example, the inter predictor
221 may configure a motion information candidate list based
on neighboring blocks and generate information indicating
which candidate is used to derive a motion vector and/or a
reference picture index of the current block. Inter prediction
may be performed based on various prediction modes. For
example, in the case of a skip mode and a merge mode, the
inter predictor 221 may use motion information of the
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neighboring block as motion information of the current
block. In the skip mode, unlike the merge mode, the residual
signal may not be transmitted. In the case of the motion
vector prediction (MVP) mode, the motion vector of the
neighboring block may be used as a motion vector predictor
and the motion vector of the current block may be indicated
by signaling a motion vector difference.

The predictor 220 may generate a prediction signal based
on various prediction methods described below. For
example, the predictor may not only apply intra prediction
or inter prediction to predict one block but also simultane-
ously apply both intra prediction and inter prediction. This
may be called combined inter and intra prediction (CIIP). In
addition, the predictor may be based on an intra block copy
(IBC) prediction mode or a palette mode for prediction of a
block. The IBC prediction mode or palette mode may be
used for content image/video coding of a game or the like,
for example, screen content coding (SCC). The IBC basi-
cally performs prediction in the current picture but may be
performed similarly to inter prediction in that a reference
block is derived in the current picture. That is, the IBC may
use at least one of the inter prediction techniques described
in this document. The palette mode may be considered as an
example of intra coding or intra prediction. When the palette
mode is applied, a sample value within a picture may be
signaled based on information on the palette table and the
palette index.

The prediction signal generated by the predictor (includ-
ing the inter predictor 221 and/or the intra predictor 222)
may be used to generate a reconstructed signal or to generate
a residual signal. The transformer 232 may generate trans-
form coeflicients by applying a transform technique to the
residual signal. For example, the transform technique may
include at least one of a discrete cosine transform (DCT), a
discrete sine transform (DST), a karhunen-loeve transform
(KLT), a graph-based transform (GBT), or a conditionally
non-linear transform (CNT). Here, the GBT means trans-
form obtained from a graph when relationship information
between pixels is represented by the graph. The CNT refers
to transform generated based on a prediction signal gener-
ated using all previously reconstructed pixels. In addition,
the transform process may be applied to square pixel blocks
having the same size or may be applied to blocks having a
variable size rather than square.

The quantizer 233 may quantize the transform coeflicients
and transmit them to the entropy encoder 240 and the
entropy encoder 240 may encode the quantized signal (infor-
mation on the quantized transform coefficients) and output a
bitstream. The information on the quantized transform coef-
ficients may be referred to as residual information. The
quantizer 233 may rearrange block type quantized transform
coeflicients into a one-dimensional vector form based on a
coeflicient scanning order and generate information on the
quantized transform coefficients based on the quantized
transform coefficients in the one-dimensional vector form.
Information on transform coefficients may be generated. The
entropy encoder 240 may perform various encoding meth-
ods such as, for example, exponential Golomb, context-
adaptive variable length coding (CAVLC), context-adaptive
binary arithmetic coding (CABAC), and the like. The
entropy encoder 240 may encode information necessary for
video/image reconstruction other than quantized transform
coeflicients (ex. values of syntax elements, etc.) together or
separately. Encoded information (ex. encoded video/image
information) may be transmitted or stored in units of NALs
(network abstraction layer) in the form of a bitstream. The
video/image information may further include information on
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various parameter sets such as an adaptation parameter set
(APS), a picture parameter set (PPS), a sequence parameter
set (SPS), or a video parameter set (VPS). In addition, the
video/image information may further include general con-
straint information. In this document, information and/or
syntax elements transmitted/signaled from the encoding
apparatus to the decoding apparatus may be included in
video/picture information. The video/image information
may be encoded through the above-described encoding
procedure and included in the bitstream. The bitstream may
be transmitted over a network or may be stored in a digital
storage medium. The network may include a broadcasting
network and/or a communication network, and the digital
storage medium may include various storage media such as
USB, SD, CD, DVD, Blueray, HDD, SSD, and the like. A
transmitter (not shown) transmitting a signal output from the
entropy encoder 240 and/or a storage unit (not shown)
storing the signal may be included as internal/external
element of the encoding apparatus 200, and alternatively, the
transmitter may be included in the entropy encoder 240.

The quantized transform coefficients output from the
quantizer 233 may be used to generate a prediction signal.
For example, the residual signal (residual block or residual
samples) may be reconstructed by applying dequantization
and inverse transform to the quantized transform coefficients
through the dequantizer 234 and the inverse transformer
235. The adder 250 adds the reconstructed residual signal to
the prediction signal output from the inter predictor 221 or
the intra predictor 222 to generate a reconstructed signal
(reconstructed picture, reconstructed block, reconstructed
sample array). If there is no residual for the block to be
processed, such as a case where the skip mode is applied, the
predicted block may be used as the reconstructed block. The
adder 250 may be called a reconstructor or a reconstructed
block generator. The generated reconstructed signal may be
used for intra prediction of a next block to be processed in
the current picture and may be used for inter prediction of a
next picture through filtering as described below.

Meanwhile, luma mapping with chroma scaling (LMCS)
may be applied during picture encoding and/or reconstruc-
tion.

The filter 260 may improve subjective/objective image
quality by applying filtering to the reconstructed signal. For
example, the filter 260 may generate a modified recon-
structed picture by applying various filtering methods to the
reconstructed picture and store the modified reconstructed
picture in the memory 270, specifically, a DPB of the
memory 270. The various filtering methods may include, for
example, deblocking filtering, a sample adaptive offset, an
adaptive loop filter, a bilateral filter, and the like. The filter
260 may generate various information related to the filtering
and transmit the generated information to the entropy
encoder 240 as described later in the description of each
filtering method. The information related to the filtering may
be encoded by the entropy encoder 240 and output in the
form of a bitstream.

The modified reconstructed picture transmitted to the
memory 270 may be used as the reference picture in the inter
predictor 221. When the inter prediction is applied through
the encoding apparatus, prediction mismatch between the
encoding apparatus 200 and the decoding apparatus may be
avoided and encoding efficiency may be improved.

The DPB of the memory 270 DPB may store the modified
reconstructed picture for use as a reference picture in the
inter predictor 221. The memory 270 may store the motion
information of the block from which the motion information
in the current picture is derived (or encoded) and/or the
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motion information of the blocks in the picture that have
already been reconstructed. The stored motion information
may be transmitted to the inter predictor 221 and used as the
motion information of the spatial neighboring block or the
motion information of the temporal neighboring block. The
memory 270 may store reconstructed samples of recon-
structed blocks in the current picture and may transfer the
reconstructed samples to the intra predictor 222.

FIG. 3 is a schematic diagram illustrating a configuration
of a video/image decoding apparatus to which the embodi-
ment(s) of the present document may be applied.

Referring to FIG. 3, the decoding apparatus 300 may
include an entropy decoder 310, a residual processor 320, a
predictor 330, an adder 340, a filter 350, and a memory 360.
The predictor 330 may include an inter predictor 331 and an
intra predictor 332. The residual processor 320 may include
a dequantizer 321 and an inverse transformer 321. The
entropy decoder 310, the residual processor 320, the pre-
dictor 330, the adder 340, and the filter 350 may be config-
ured by a hardware component (ex. a decoder chipset or a
processor) according to an embodiment. In addition, the
memory 360 may include a decoded picture buffer (DPB) or
may be configured by a digital storage medium. The hard-
ware component may further include the memory 360 as an
internal/external component.

When a bitstream including video/image information is
input, the decoding apparatus 300 may reconstruct an image
corresponding to a process in which the video/image infor-
mation is processed in the encoding apparatus of FIG. 2. For
example, the decoding apparatus 300 may derive units/
blocks based on block partition related information obtained
from the bitstream. The decoding apparatus 300 may per-
form decoding using a processor applied in the encoding
apparatus. Thus, the processor of decoding may be a coding
unit, for example, and the coding unit may be partitioned
according to a quad tree structure, binary tree structure
and/or ternary tree structure from the coding tree unit or the
largest coding unit. One or more transform units may be
derived from the coding unit. The reconstructed image
signal decoded and output through the decoding apparatus
300 may be reproduced through a reproducing apparatus.

The decoding apparatus 300 may receive a signal output
from the encoding apparatus of FIG. 2 in the form of a
bitstream, and the received signal may be decoded through
the entropy decoder 310. For example, the entropy decoder
310 may parse the bitstream to derive information (ex.
video/image information) necessary for image reconstruc-
tion (or picture reconstruction). The video/image informa-
tion may further include information on various parameter
sets such as an adaptation parameter set (APS), a picture
parameter set (PPS), a sequence parameter set (SPS), or a
video parameter set (VPS). In addition, the video/image
information may further include general constraint informa-
tion. The decoding apparatus may further decode picture
based on the information on the parameter set and/or the
general constraint information. Signaled/received informa-
tion and/or syntax elements described later in this document
may be decoded may decode the decoding procedure and
obtained from the bitstream. For example, the entropy
decoder 310 decodes the information in the bitstream based
on a coding method such as exponential Golomb coding,
CAVLC, or CABAC, and output syntax elements required
for image reconstruction and quantized values of transform
coeflicients for residual. More specifically, the CABAC
entropy decoding method may receive a bin corresponding
to each syntax element in the bitstream, determine a context
model using a decoding target syntax element information,
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decoding information of a decoding target block or infor-
mation of a symbol/bin decoded in a previous stage, and
perform an arithmetic decoding on the bin by predicting a
probability of occurrence of a bin according to the deter-
mined context model, and generate a symbol corresponding
to the value of each syntax element. In this case, the CABAC
entropy decoding method may update the context model by
using the information of the decoded symbol/bin for a
context model of a next symbol/bin after determining the
context model. The information related to the prediction
among the information decoded by the entropy decoder 310
may be provided to the predictor (the inter predictor 332 and
the intra predictor 331), and the residual value on which the
entropy decoding was performed in the entropy decoder
310, that is, the quantized transform coefficients and related
parameter information, may be input to the residual proces-
sor 320. The residual processor 320 may derive the residual
signal (the residual block, the residual samples, the residual
sample array). In addition, information on filtering among
information decoded by the entropy decoder 310 may be
provided to the filter 350. Meanwhile, a receiver (not shown)
for receiving a signal output from the encoding apparatus
may be further configured as an internal/external element of
the decoding apparatus 300, or the receiver may be a
component of the entropy decoder 310. Meanwhile, the
decoding apparatus according to this document may be
referred to as a video/image/picture decoding apparatus, and
the decoding apparatus may be classified into an information
decoder (video/image/picture information decoder) and a
sample decoder (video/image/picture sample decoder). The
information decoder may include the entropy decoder 310,
and the sample decoder may include at least one of the
dequantizer 321, the inverse transformer 322, the adder 340,
the filter 350, the memory 360, the inter predictor 332, and
the intra predictor 331.

The dequantizer 321 may dequantize the quantized trans-
form coefficients and output the transform coefficients. The
dequantizer 321 may rearrange the quantized transform
coeflicients in the form of a two-dimensional block form. In
this case, the rearrangement may be performed based on the
coeflicient scanning order performed in the encoding appa-
ratus. The dequantizer 321 may perform dequantization on
the quantized transform coefficients by using a quantization
parameter (ex. quantization step size information) and
obtain transform coefficients.

The inverse transformer 322 inversely transforms the
transform coefficients to obtain a residual signal (residual
block, residual sample array).

The predictor may perform prediction on the current
block and generate a predicted block including prediction
samples for the current block. The predictor may determine
whether intra prediction or inter prediction is applied to the
current block based on the information on the prediction
output from the entropy decoder 310 and may determine a
specific intra/inter prediction mode.

The predictor 320 may generate a prediction signal based
on various prediction methods described below. For
example, the predictor may not only apply intra prediction
or inter prediction to predict one block but also simultane-
ously apply intra prediction and inter prediction. This may
be called combined inter and intra prediction (CIIP). In
addition, the predictor may be based on an intra block copy
(IBC) prediction mode or a palette mode for prediction of a
block. The IBC prediction mode or palette mode may be
used for content image/video coding of a game or the like,
for example, screen content coding (SCC). The IBC basi-
cally performs prediction in the current picture but may be
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performed similarly to inter prediction in that a reference
block is derived in the current picture. That is, the IBC may
use at least one of the inter prediction techniques described
in this document. The palette mode may be considered as an
example of intra coding or intra prediction. When the palette
mode is applied, a sample value within a picture may be
signaled based on information on the palette table and the
palette index.

The intra predictor 331 may predict the current block by
referring to the samples in the current picture. The referred
samples may be located in the neighborhood of the current
block or may be located apart according to the prediction
mode. In the intra prediction, prediction modes may include
a plurality of non-directional modes and a plurality of
directional modes. The intra predictor 331 may determine
the prediction mode applied to the current block by using a
prediction mode applied to a neighboring block.

The intra predictor 331 may predict the current block by
referring to the samples in the current picture. The refer-
enced samples may be located in the neighborhood of the
current block or may be located apart according to the
prediction mode. In intra prediction, prediction modes may
include a plurality of non-directional modes and a plurality
of directional modes. The intra predictor 331 may determine
the prediction mode applied to the current block by using the
prediction mode applied to the neighboring block.

The inter predictor 332 may derive a predicted block for
the current block based on a reference block (reference
sample array) specified by a motion vector on a reference
picture. In this case, in order to reduce the amount of motion
information transmitted in the inter prediction mode, motion
information may be predicted in units of blocks, subblocks,
or samples based on correlation of motion information
between the neighboring block and the current block. The
motion information may include a motion vector and a
reference picture index. The motion information may further
include inter prediction direction (L.O prediction, L1 predic-
tion, Bi prediction, etc.) information. In the case of inter
prediction, the neighboring block may include a spatial
neighboring block present in the current picture and a
temporal neighboring block present in the reference picture.
For example, the inter predictor 332 may configure a motion
information candidate list based on neighboring blocks and
derive a motion vector of the current block and/or a refer-
ence picture index based on the received candidate selection
information. Inter prediction may be performed based on
various prediction modes, and the information on the pre-
diction may include information indicating a mode of inter
prediction for the current block.

The adder 340 may generate a reconstructed signal (re-
constructed picture, reconstructed block, reconstructed
sample array) by adding the obtained residual signal to the
prediction signal (predicted block, predicted sample array)
output from the predictor (including the inter predictor 332
and/or the intra predictor 331). If there is no residual for the
block to be processed, such as when the skip mode is
applied, the predicted block may be used as the recon-
structed block.

The adder 340 may be called reconstructor or a recon-
structed block generator. The generated reconstructed signal
may be used for intra prediction of a next block to be
processed in the current picture, may be output through
filtering as described below, or may be used for inter
prediction of a next picture.

Meanwhile, luma mapping with chroma scaling (LMCS)
may be applied in the picture decoding process.
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The filter 350 may improve subjective/objective image
quality by applying filtering to the reconstructed signal. For
example, the filter 350 may generate a modified recon-
structed picture by applying various filtering methods to the
reconstructed picture and store the modified reconstructed
picture in the memory 360, specifically, a DPB of the
memory 360. The various filtering methods may include, for
example, deblocking filtering, a sample adaptive offset, an
adaptive loop filter, a bilateral filter, and the like.

The (modified) reconstructed picture stored in the DPB of
the memory 360 may be used as a reference picture in the
inter predictor 332. The memory 360 may store the motion
information of the block from which the motion information
in the current picture is derived (or decoded) and/or the
motion information of the blocks in the picture that have
already been reconstructed. The stored motion information
may be transmitted to the inter predictor 260 so as to be
utilized as the motion information of the spatial neighboring
block or the motion information of the temporal neighboring
block. The memory 360 may store reconstructed samples of
reconstructed blocks in the current picture and transfer the
reconstructed samples to the intra predictor 331.

In the present disclosure, the embodiments described in
the filter 260, the inter predictor 221, and the intra predictor
222 of the encoding apparatus 200 may be the same as or
respectively applied to correspond to the filter 350, the inter
predictor 332, and the intra predictor 331 of the decoding
apparatus 300. The same may also apply to the unit 332 and
the intra predictor 331.

As described above, in performing video coding, a pre-
diction is performed to enhance compression efficiency. A
predicted block including prediction samples for a current
block, that is, a target coding block, can be generated
through the prediction. In this case, the predicted block
includes the prediction samples in a spatial domain (or pixel
domain). The predicted block is identically derived in the
encoding apparatus and the decoding apparatus. The encod-
ing apparatus can enhance image coding efficiency by sig-
naling, to the decoding apparatus, information on a residual
(residual information) between the original block not an
original sample value itself of the original block and the
predicted block. The decoding apparatus may derive a
residual block including residual samples based on the
residual information, may generate a reconstructed includ-
ing reconstructed samples by adding the residual block and
the predicted block, and may generate a reconstructed pic-
ture including the reconstructed blocks.

The residual information may be generated through a
transform and quantization procedure. For example, the
encoding apparatus may derive the residual block between
the original block and the predicted block, may derive
transform coefficients by performing a transform procedure
on the residual samples (residual sample array) included in
the residual block, may derive quantized transform coeffi-
cients by performing a quantization procedure on the trans-
form coeflicients, and may signal related residual informa-
tion to the decoding apparatus (through a bitstream). In this
case, the residual information may include information, such
as value information, location information, transform
scheme, transform kernel, and quantization parameter of the
quantized transform coefficients. The decoding apparatus
may perform a dequantization/inverse transform procedure
based on the residual information, and may derive residual
samples (or residual block). The decoding apparatus may
generate a reconstructed picture based on the predicted
block and the residual block. Furthermore, the encoding
apparatus may derive a residual block by dequantizing/
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inverse-transforming the quantized transform coefficients
for reference to the inter prediction of a subsequent picture,
and may generate a reconstructed picture.

FIG. 4 illustrates an example of an image encoding
method performed by a video encoding apparatus.

Referring to FIG. 4, the image encoding method may
include block partitioning, intra/inter prediction, transform,
quantization and entropy encoding processes. For example,
a current picture may be partitioned into a plurality of
blocks. A prediction block of a current block may be
generated through an intra/inter prediction. A residual block
of the current block may be generated through a subtraction
between an input block of the current block and the predic-
tion block. Thereafter, a coefficient block, that is, transform
coeflicients of the current block, may be generated through
a transform for the residual block. The transform coefficients
may be quantized and entropy-encoded and stored in a
bitstream.

FIG. 5 illustrates an example of a video coding method
performed by a decoding apparatus.

Referring to FIG. 5, the image coding method may
include entropy decoding, inverse quantization, inverse
transform and intra/inter prediction processes. For example,
the decoding apparatus may perform processes opposite
those of the aforementioned encoding method. Specifically,
quantized transform coeflicients may be obtained through
entropy decoding for a bitstream. A coefficient block of a
current block, that is, transform coefficients, may be
obtained through an inverse quantization process for the
quantized transform coefficients. A residual block of the
current block may be derived through an inverse transform
for the transform coefficients. A reconstructed block of the
current block may be derived through the addition of a
prediction block of the current block, derived through an
intra/inter prediction, and the residual block.

Meanwhile, if an intra prediction is performed, a corre-
lation between samples may be used, and a difference
between the original block and a prediction block, that is, a
residual, may be obtained. The aforementioned transform
and quantization may be applied to the residual. Accord-
ingly, spatial redundancy can be reduced. Hereinafter, an
encoding method and a decoding method using an intra
prediction are specifically described.

An intra prediction refers to a prediction for generating
prediction samples for a current block based on reference
samples outside the current block within a picture (herein-
after a current picture) including the current block. In this
case, the reference samples outside the current block may
refer to samples located in the periphery of the current block.
If an intra prediction is applied to the current block, neigh-
boring reference samples to be used for the intra prediction
of the current block may be derived.

For example, when the size (widthxheight) of a current
block is nWxnH, neighboring reference samples of the
current block may include a sample neighboring the left
boundary and a total of 2xnH samples neighboring the
bottom left of the current block, a sample neighboring the
top boundary and a total of 2xnW samples neighboring the
top right of the current block, and one sample neighboring
the left top of the current block. Alternatively, neighboring
reference samples of a current block may also include a
plurality of columns of top neighboring samples and a
plurality of rows of left neighboring samples. Furthermore,
neighboring reference samples of a current block may also
include a total of nH samples neighboring the right boundary
of the current block having an nWxnH size, a total of nW
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samples neighboring the bottom boundary of the current
block and one sample neighboring the bottom right of the
current block.

In this case, some of the neighboring reference samples of
the current block have not been decoded or may not be
available. In this case, the decoding apparatus may configure
neighboring reference samples to be used for a prediction by
substituting unavailable samples with available samples.
Alternatively, neighboring reference samples to be used for
a prediction may be configured through the interpolation of
available samples.

If neighboring reference samples are derived, (i) a pre-
diction sample may be derived based on an average or
interpolation of the neighboring reference samples of a
current block, and (ii) a prediction sample may be derived
based on a reference sample present in a specific (prediction)
direction for the prediction sample among neighboring ref-
erence samples of a current block. (i) may be applied when
an intra prediction mode is a non-directional mode or a
non-angular mode. (ii) may be applied when an intra pre-
diction mode is a directional mode or an angular mode.

Furthermore, a prediction sample may be generated
through interpolation between a first neighboring sample,
located in the prediction direction of an intra prediction
mode of a current block, and a second neighboring sample
corresponding to the first neighboring sample based on a
prediction sample of the current block among neighboring
reference samples. The second neighboring sample may be
a sample located in a direction opposite the prediction
direction of the intra prediction mode of the current block.
The above case may be called a linear interpolation intra
prediction (LIP). Furthermore, a temporary prediction
sample of a current block may be derived based on filtered
neighboring reference samples. A prediction sample of the
current block may be derived by weighted-summing at least
one reference sample, derived based on an intra prediction
mode, and the temporary prediction sample among the
existing neighboring reference samples, that is, not-filtered
neighboring reference samples. The above case may be
called a position dependent intra prediction (PDCP). Mean-
while, post-filtering for the derived prediction sample may
be performed, if necessary.

Specifically, an intra prediction procedure may include an
intra prediction mode determination step, a neighboring
reference sample derivation step, and an intra prediction
mode-based prediction sample derivation step. Furthermore,
a post-filtering step for a derived prediction sample may be
performed, if necessary.

FIG. 6 illustrates an example of an image encoding
method based on an intra prediction and FIG. 7 schemati-
cally illustrates an intra predictor within the encoding appa-
ratus. The intra predictor within the encoding apparatus in
FIG. 7 may be applied to the intra predictor 222 of the
encoding apparatus 200 in FIG. 2 identically or in a corre-
sponding way.

Referring to FIGS. 6 and 7, S600 may be performed by
the intra predictor 222 of the encoding apparatus. S610 may
be performed by the residual processor 230 of the encoding
apparatus. Specifically, S610 may be performed by the
subtractor 231 of the encoding apparatus. At S620, predic-
tion information may be derived by the intra predictor 222
and may be encoded by the entropy encoder 240. At S620,
residual information may be derived by the residual proces-
sor 230 and may be encoded by the entropy encoder 240.
The residual information is information related to residual
samples. The residual information may include information
related to quantized transform coefficients for the residual
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samples. As described above, the residual samples may be
derived as transform coefficients through the transformer
232 of the encoding apparatus. The transform coefficients
may be derived as quantized transform coefficients through
the quantizer 233. Information related to the quantized
transform coefficients may be encoded by the entropy
encoder 240 through a residual coding procedure.

The encoding apparatus may perform an intra prediction
for a current block (S600). The encoding apparatus may
derive an intra prediction mode of the current block, may
derive neighboring reference samples of the current block,
and may generate prediction samples within the current
block based on the intra prediction mode and the neighbor-
ing reference samples. In this case, the intra prediction mode
determination, neighboring reference sample derivation and
prediction sample generation procedures may be performed
may be performed or any one procedure may be performed
prior to another procedure.

In one embodiment, the intra predictor 222 of the encod-
ing apparatus may include a prediction mode determiner
223, a reference sample deriver 224, and a prediction sample
deriver 225. The prediction mode determiner 223 may
determine an intra prediction mode for a current block. The
reference sample deriver 224 may derive neighboring ref-
erence samples of the current block. The prediction sample
deriver 225 may derive prediction samples of the current
block. Meanwhile, although not illustrated, if a prediction
sample filtering procedure to be described later is performed,
the intra predictor 222 may further include a prediction
sample filter unit (not illustrated). The encoding apparatus
may determine a mode applied to a current block among a
plurality of intra prediction modes. The encoding apparatus
may compare RD costs for the intra prediction modes, and
may determine the best intra prediction mode of the current
block.

As described above, the encoding apparatus may perform
a prediction sample filtering procedure. The prediction
sample filtering may be called post filtering. Some or all of
prediction samples may be filtered by the prediction sample
filtering procedure. The prediction sample filtering proce-
dure may be omitted according to circumstances.

The encoding apparatus may generate residual samples
for the current block based on (filtered) prediction samples
(S610). The encoding apparatus may encode image infor-
mation, including prediction mode information indicative of
the intra prediction mode and residual information related to
the residual samples (S620). The encoded image informa-
tion may be output in a bitstream form. The output bitstream
may be transmitted to the decoding apparatus through a
storage medium over a network.

As described above, the encoding apparatus may generate
a reconstructed picture (including reconstructed samples and
a reconstructed block) based on prediction samples and
residual samples. This is for deriving, by the encoding
apparatus, the same prediction results as those performed in
the decoding apparatus. The reason for this is that coding
efficiency can be enhanced. Furthermore, as described
above, an in-loop filtering procedure may be further applied
to the reconstructed picture.

FIG. 8 illustrates an example of a video coding method
based on an intra prediction and FIG. 9 schematically
illustrates an intra predictor within the decoding apparatus.
An intra predictor within the decoding apparatus in FIG. 9
may be applied to the intra predictor 331 of the decoding
apparatus 300 in FIG. 3 identically or in a corresponding
way.
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Referring to FIGS. 8 and 9, the decoding apparatus may
perform operations corresponding to the operations per-
formed in the encoding apparatus. The decoding apparatus
may perform a prediction on a current block and derive
prediction samples based on received prediction informa-
tion.

S800 to S820 may be performed by the intra predictor 331
of the decoding apparatus. In S830, residual information
may be obtained from a bitstream by the entropy decoder
310 of the decoding apparatus. The residual processor 320 of
the decoding apparatus may derive residual samples for a
current block based on the residual information. Specifically,
the dequantizer 321 of the residual processor may derive
transform coefficients by performing inverse quantization
based on quantized transform coefficients derived based on
residual information. The inverse transformer 322 of the
residual processor 320 may derive residual samples for the
current block by performing an inverse transform for the
transform coefficients. S840 may be performed by the adder
340 or reconstructor of the decoding apparatus.

The decoding apparatus may derive an intra prediction
mode for a current block based on received prediction mode
information (S800). The decoding apparatus may derive
neighboring reference samples of the current block (S810).
The decoding apparatus may generate prediction samples
within a current block based on the intra prediction mode
and the neighboring reference samples (S820). In this case,
the decoding apparatus may perform a prediction sample
filtering procedure. The prediction sample filtering may be
called post filtering. Some or all of the prediction samples
may be filtered by the prediction sample filtering procedure.
The prediction sample filtering procedure may be omitted
according to circumstances.

The decoding apparatus may generate residual samples
for the current block based on the received residual infor-
mation (S830). The decoding apparatus may generate recon-
structed samples for the current block based on (filtered)
prediction samples and the residual samples, and may gen-
erate a reconstructed picture based on the reconstructed
samples (S840).

In one embodiment, the intra predictor 331 of the decod-
ing apparatus may include a prediction mode determiner
333, a reference sample deriver 334, and a prediction sample
deriver 335. The prediction mode determiner 333 may
determine an intra prediction mode for a current block based
on prediction mode information received from the prediction
mode determiner 223 of the encoding apparatus. The refer-
ence sample deriver 334 may derive neighboring reference
samples of the current block. The prediction sample deriver
335 may derive prediction samples of the current block.
Meanwhile, although not illustrated, if the prediction sample
filtering procedure is performed, the intra predictor 331 may
further include a prediction sample filter unit (not illus-
trated).

Meanwhile, in performing an intra prediction, prediction
mode information may be determined depending on whether
a most probable mode (MPM) is applied to a current block.
For example, the prediction mode information may include
flag information (e.g., prev_intra_luma_pred_flag) indicat-
ing whether a most probable mode (MPM) is applied or a
remaining mode is applied to a current block. If the MPM is
applied to the current block, the prediction mode informa-
tion may further include index information (e.g., mpm_idx)
indicative of one of intra prediction mode candidates (MPM
candidates). In this case, the intra prediction mode candi-
dates (MPM candidates) may be configured as an MPM
candidate list or an MPM list. Furthermore, if the MPM is
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not applied to the current block, the prediction mode infor-
mation may further include remaining mode information
(e.g., rem_inra_luma_pred_mode) indicative of one of the
remaining intra prediction modes except intra prediction
mode candidates (MPM candidates). The decoding appara-
tus may determine an intra prediction mode of the current
block based on the prediction mode information. In this
case, the prediction mode information may be encoded/
decoded through a coding method to be described later. For
example, the prediction mode information may be encoded/
decoded through entropy coding (e.g., CABAC, CAVLC)
based on a truncated (rice) binary code.

Furthermore, if an intra prediction is applied, in deter-
mining prediction mode information, an intra prediction
mode applied to a current block may be determined using an
intra prediction mode of a neighboring block. For example,
the decoding apparatus may derive most probable mode
(MPM) candidates based on an intra prediction mode of a
left block and intra prediction mode of a top block of a
current block, and may select one of the MPM candidates
based on an MPM index (e.g., mpm_idx). Alternatively, the
decoding apparatus may select one of the remaining intra
prediction modes, not included in the MPM candidates,
based on remaining intra prediction mode information (e.g.,
rem_inra_luma_pred_mode). The MPM index may be sig-
naled in the form of an mpm_idx syntax element. The
remaining intra prediction mode information may be sig-
naled in the form of a rem_intra_luma_pred_mode syntax
element. For example, the remaining intra prediction mode
information may indicate one of the remaining intra predic-
tion modes which are not included in the MPM candidates
among all of intra prediction modes and which are indexed
in order of a prediction mode number.

An intra prediction mode may include non-directional (or
non-angular) intra prediction modes and directional (or
angular) intra prediction modes. For example, in the HEVC
standard, intra prediction modes including 2 non-directional
prediction modes and 33 directional prediction modes are
used. The non-directional prediction modes may include a
planar intra prediction mode, that is, No. 0, and a DC intra
prediction mode, that is, No. 1. The directional prediction
modes may include No. 2 to No. 34 intra prediction modes.
The planar mode intra prediction mode may be called a
planar mode, and the DC intra prediction mode may be
called a DC mode.

Alternatively, in order to capture a given edge direction
proposed in natural video, the directional intra prediction
modes may be extended from the existing 33 modes to 65
modes as in FIG. 10. In this case, the intra prediction modes
may include 2 non-directional intra prediction modes and 65
directional intra prediction modes. The non-directional intra
prediction modes may include a planar intra prediction
mode, that is, No. 0, and a DC intra prediction mode, that is,
No. 1. The directional intra prediction modes may include
Nos. 2 to 66 intra prediction modes. The extended direc-
tional intra prediction modes may be applied to blocks
having all sizes, and may be applied to both a luma com-
ponent and a chroma component. However, this is an
example, and embodiments of this document may be applied
to a case where the number of intra prediction modes is
different. A No. 67 intra prediction mode according to
circumstances may be further used. The No. 67 intra pre-
diction mode may indicate a linear model (LM) mode.

FIG. 10 illustrates 65 directional intra prediction modes.

Referring to FIG. 10, modes may be divided into intra
prediction modes having horizontal directionality and intra
prediction modes having vertical directionality based on a
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No. 34 intra prediction mode having a top left diagonal
prediction direction. In FIG. 10, H and V mean horizontal
directionality and vertical directionality, respectively. Each
of numbers —32~32 indicate displacement of a 1/32 u nit on
a sample grid position. The Nos. 2 to 33 intra prediction
modes have horizontal directionality, and the Nos. 34 to 66
intra prediction modes have vertical directionality. The No.
18 intra prediction mode and the No. 50 intra prediction
mode indicate a horizontal intra prediction mode and a
vertical intra prediction mode, respectively. The No. 2 intra
prediction mode may be called a bottom left diagonal intra
prediction mode, the No. 34 intra prediction mode may be
called a top left diagonal intra prediction mode, and the No.
66 intra prediction mode may be called a top right diagonal
intra prediction mode.

As described above, in general, if block partitioning for a
picture is performed, a current block and a neighboring
block to be coded have similar image characteristics.
Accordingly, there is a good probability that the current
block and the neighboring block will have the same or
similar intra prediction mode. According to such image
characteristics, an intra prediction mode of a current block
may be derived using an intra prediction mode of a neigh-
boring block. This may be referred to as a most probable
mode (MPM). That is, the MPM may mean a mode used to
enhance coding efficiency by considering similarity between
a current block and a neighboring block upon intra predic-
tion mode coding.

For example, the encoding/decoding apparatus may con-
figure a most probable mode (MPM) list for a current block.
The MPM list may be indicated as an MPM candidate list.
In this case, an MPM list including given MPM candidates
may be configured by considering complexity in generating
the MPM list. For example, an MPM list may include 3
MPM candidates, 5 candidates or 6 MPM candidates. In one
embodiment, an MPM list may include MPM candidates
derived based on an intra prediction mode of a neighboring
block, a derived intra prediction mode and/or a default intra
prediction mode. In this case, in deriving MPM candidates
from the neighboring block, the encoding apparatus/decod-
ing apparatus may derive an intra prediction mode of the
neighboring block by searching neighboring blocks of a
current block according to a specific order, and may use the
intra prediction mode of the neighboring block as an MPM
candidate based on the derived order. For example, the
neighboring blocks may include at least one of the left
neighboring block, top neighboring block, bottom left
neighboring block, top right neighboring block, and top-left
neighboring block of the current block. If an intra prediction
mode of the current block is not included among the MPM
candidates within the MPM list, a remaining mode may be
used. In this case, the remaining mode is a mode using the
remaining intra prediction modes except the MPM candi-
dates, among all of intra prediction modes, and may code
and signal remaining intra prediction mode information. The
remaining intra prediction mode information may be infor-
mation indicative of an intra prediction mode applied to a
current block, among the remaining intra prediction modes
except the MPM candidates. For example, if 67 intra pre-
diction modes are used, the remaining intra prediction mode
information may include a 6-bit syntax element (e.g.,
rem_intra_luma_pred_mode syntax element).

As described above, in the HEVC standard, 35 intra
prediction modes are used upon intra prediction. In this case,
an MPM list including 3 MPM candidates is configured. In
this case, the 3 MPM candidates may be derived based on
intra prediction modes of a neighboring block F and neigh-
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boring block G. Neighboring blocks of a current block
including the neighboring block F and the neighboring block
G may be the same as those described above.

FIG. 11 illustrates neighboring blocks of a current block.

Referring to FIG. 11, neighboring blocks of a current
block may include a neighboring block A, a neighboring
block B, a neighboring block C, a neighboring block D, a
neighboring block E, a neighboring block F and/or a neigh-
boring block G.

In this case, the neighboring block A may indicate a
neighboring block located on the top left side of a top-left
sample position of a current block. The neighboring block B
may indicate a neighboring block located on the upper side
of a top right sample position of the current block. The
neighboring block C may indicate a neighboring block
located on the top right side of a top right sample position
of the current block. The neighboring block D may indicate
a neighboring block located on the left side of a bottom left
sample position of the current block. The neighboring block
E may indicate a neighboring block located on the bottom
left of a bottom left sample position of the current block. The
neighboring block G may indicate a neighboring block
located on the upper side of a top-left sample position of the
current block. The neighboring block F may indicate a
neighboring block located on the left side of a top-left
sample position of the current block.

For example, if the size of a current block is WxH and the
x component and y component of the top-left sample posi-
tion of the current block are 0, the neighboring block A may
be a block including a sample at (-1, -1) coordinates, the
neighboring block B may be a block including a sample at
(W-1, -1) coordinates, the neighboring block C may be a
block including a sample at (W, —1) coordinates, the neigh-
boring block D may be a block including a sample at (-1,
H-1) coordinates, the neighboring block E may be a block
including a sample at (-1, H) coordinates, the neighboring
block F may be a block including a sample at (-1, 0)
coordinates, and the neighboring block G may be a block
including a sample at (0, -1) coordinates.

According to the HEVC standard, 3 MPM candidates may
be derived based on an intra prediction mode of the neigh-
boring block F and an intra prediction mode of the neigh-
boring block G. For example, the intra prediction mode of
the neighboring block F and the intra prediction mode of the
neighboring block G may be derived. Meanwhile, in the
following case, an intra prediction mode of the neighboring
block F or an intra prediction mode of the neighboring block
G may be derived as a DC intra prediction mode.

1) If the neighboring block F or the neighboring block G
is not available

2) If the neighboring block F or the neighboring block G
is not coded as an intra prediction mode (i.e., if the neigh-
boring block F or the neighboring block G is not an intra
coded block)

3) If the neighboring block F or the neighboring block G
is out of a current coding tree unit (CTU)

If an intra prediction mode of the neighboring block F or
an intra prediction mode of the neighboring block G is
determined as described above, 3 MPM candidates may be
derived like Table 1.

TABLE 1

if (intra mode of F and G are equal)

if (intra mode of F < intra mode 2)
{ MPM listl }
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TABLE 1-continued
else
{ MPM list2 }
else
{
if (Neither intra mode of F nor G are intra mode Planar)
{ MPM list3 }
else if (intra mode of (F+G) <intra mode 2)
{ MPM list4 }
else
{ MPM list5 }

Table 1 illustrates a schematic algorithm (i.e., pseudo
code) for configuring an MPM list. Referring to Table 1,
whether the intra prediction mode of the neighboring block
F and the intra prediction mode of the neighboring block G
are equal may be determined.

If an intra prediction mode of the neighboring block F and
an intra prediction mode of the neighboring block G are
equal and the mode number of an intra prediction mode of
the neighboring block F is smaller than 2, the MPM list of
the current block may be derived as an MPM list 1 (MPM
list1). That is, if an intra prediction mode of the neighboring
block F and an intra prediction mode of the neighboring
block G are equal and the intra prediction mode of the
neighboring block F is the intra prediction mode of the mode
number 0 or the intra prediction mode of the mode number
1, the MPM list of the current block may be derived as the
MPM list 1. In this case, the MPM list 1 may indicate an
MPM list configured with MPM candidates {F, F-1, F+1}.
F may indicate the intra prediction mode of the neighboring
block F. F-1 may indicate an intra prediction mode in which
a value obtained by subtracting 1 from the mode number of
an intra prediction mode of the neighboring block F is a
mode number. F+1 may indicate an intra prediction mode in
which a value obtained by adding 1 to the mode number of
an intra prediction mode of the neighboring block F is a
mode number. For example, if the intra prediction mode of
the neighboring block F is the intra prediction mode of the
mode number N, the MPM list 1 may be configured with an
MPM list, including the intra prediction mode of the mode
number N, the intra prediction mode of the mode number
N-1, and the intra prediction mode of the mode number N+1
as MPM candidates.

Furthermore, if an intra prediction mode of the neighbor-
ing block F and an intra prediction mode of the neighboring
block G are equal and the mode number of an intra predic-
tion mode of the neighboring block F is not smaller than 2,
the MPM list of the current block may be derived as an
MPM list 2 (MPM list2).

Furthermore, if an intra prediction mode of the neighbor-
ing block F and an intra prediction mode of the neighboring
block G are not equal and the intra prediction mode of the
neighboring block F and the intra prediction mode of the
neighboring block G are not planar mode intra prediction
modes, the MPM list of the current block may be derived as
an MPM list 3 (MPM list3).

Furthermore, if an intra prediction mode of the neighbor-
ing block F and an intra prediction mode of the neighboring
block G are not equal and the sum of the mode number of
an intra prediction mode of the neighboring block F and the
mode number of an intra prediction mode of the neighboring
block G is smaller than 2, the MPM list of the current block
may be derived as an MPM list 4 (MPM list4).

Furthermore, if an intra prediction mode of the neighbor-
ing block F and an intra prediction mode of the neighboring
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block G are not equal and at least one of the intra prediction
mode of the neighboring block F and the intra prediction
mode of the neighboring block G is a planar mode intra
prediction mode and the sum of the mode number of an intra
prediction mode of the neighboring block F and the mode
number of an intra prediction mode of the neighboring block
G is not smaller than 2, the MPM list of the current block
may be derived as an MPM list 5 (MPM list5).

Meanwhile, as the number of intra prediction modes
increases, the number of MPM candidates needs to be
increased. Accordingly, the number of MPM candidates may
be different depending on the number of intra prediction
modes. In general, when the number of intra prediction
modes increases, the number of MPM candidates may
increase. However, the number of MPM candidates does not
always increase when the number of intra prediction modes
increases. For example, if 35 intra prediction modes are
present or if 67 intra prediction modes are present, various
numbers of MPM candidates, such as 3, 4, 5, and 6, may be
present depending on the design.

For example, a 6-MPM list configuration may be per-
formed. That is, an MPM list including 6 MPM candidates
may be configured. For example, in the 6-MPM list con-
figuration, a process of searching for the locations of various
neighboring blocks and a consistent pruning check process
for excluding the same intra prediction mode may be per-
formed. For example, the order in which 6 MPM candidates
are configured may be as follows:

The neighboring block D, the neighboring block B, the
planar mode intra prediction mode, the DC intra prediction
mode, the neighboring block E, the neighboring block C,
and the neighboring block A.

That is, neighboring blocks may be derived as MPM
candidate in order of an intra prediction mode of the
neighboring block D, an intra prediction mode of the neigh-
boring block B, the planar mode intra prediction mode, the
DC intra prediction mode, an intra prediction mode of the
neighboring block E, an intra prediction mode of the neigh-
boring block C, and an intra prediction mode of the neigh-
boring block A. If a prediction mode is the same as an
already derived intra prediction mode, it may not be derived
as an MPM candidate.

Furthermore, if an MPM list does not include an MPM
candidate having a maximum number of candidates, that is,
when the number of derived MPM candidates is smaller than
a maximum number of candidates, a directional intra pre-
diction mode neighboring a derived MPM candidate and a
pre-defined default intra prediction mode may be considered
as MPM candidates, and a pruning check process may be
performed. In this case, the directional intra prediction mode
neighboring the MPM candidate may indicate an intra
prediction mode having a mode number neighboring that of
the MPM candidate. The neighboring block search and the
consistent pruning check have an advantage in the reduction
of a bit transfer rate, but may increase the number of
hardware operation cycles for the MPM list configuration of
each block. The worst scenario is that a 3840x2160 4K
image may be partitioned into 4x4 size blocks for an intra
prediction. In this case, an increased hardware operation
cycle for each of the 4x4 size blocks may be importantly
considered in throughput. Meanwhile, if a neighboring block
coded through an inter prediction is aware of an intra
prediction mode of the neighboring block, the intra predic-
tion mode of the neighboring block may be used for an
MPM list configuration.

As described above, in configuring an MPM list, the
encoding apparatus may determine the best intra prediction
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mode by optimizing the bit rate and distortion at the same
time, and may code the determined best intra prediction
mode as a bitstream. The decoding apparatus may parse
(decode) the intra prediction mode included in the bitstream,
and may perform an intra prediction based on the parsed
intra prediction mode. However, in order to minimize sig-
naling overhead as the number of intra prediction modes
increases, efficient intra mode coding is necessary. Both the
encoding apparatus and the decoding apparatus configure
MPM lists using neighboring intra prediction modes of
coded blocks. In this case, when the best intra prediction
mode is one of candidates within the MPM list, overhead
can be minimized by signaling an MPM index. The length
of'the MPM list and the method of configuring the MPM list
may be different depending on an algorithm.

In this case, if the 67 intra prediction modes are used for
an intra prediction, the MPM list including the existing 3
MPM candidates may not be sufficient to show the diversity
of multiple intra prediction modes. Furthermore, a 6-MPM
list configuration scheme including neighboring block
search and a pruning check process may affect throughput
because it is too complicated. Accordingly, embodiments of
this document propose efficient the MPM list configuration
method having a proper balance between complexity and
coding efficiency.

FIGS. 12 and 13 are flowcharts schematically illustrating
a method of configuring an MPM list for a current block.

Referring to FIGS. 12 and 13, an MPM list for a current
block including k MPM candidates may be configured. In
this case, k may indicate the length of the MPM list, that is,
the number of MPM candidates included in the MPM list.
According to the embodiments disclosed in FIGS. 12 and
13, 5 efficient MPM lists (MPM list 1~MPM list 5) may be
configured based on five conditions. That is, one of the 5
MPM lists may be derived as an MPM list for the current
block based on the five conditions. The MPM lists may be
independent lists as illustrated in FIG. 12, and may be lists
having partially shared portions as illustrated in FIG. 13. If
a partial list shared as in FIG. 13 is used, a duplication
process can be avoided. The conditions 5 may be modeled
so that the sum of the probabilities of all the conditions
become 1.

FIG. 14 is a flowchart illustrating an embodiment of a
method of configuring an MPM list for a current block.

FIG. 14 illustrates a method of efficiently configuring an
MPM list for a current block including k MPM candidates
based on a neighboring block located adjacent to the current
block. For example, k may be 6, and five conditions may be
used in order to configure an MPM list for the current block
among 5 efficient lists. In FIG. 14, L may indicate an intra
prediction mode of the neighboring block B illustrated in
FIG. 11, and A may indicate an intra prediction mode of the
neighboring block D illustrated in FIG. 11. Alternatively, in
contrast, L may indicate an intra prediction mode of the
neighboring block D illustrated in FIG. 11, and A may
indicate an intra prediction mode of the neighboring block B
illustrated in FIG. 11. In FIG. 14, a symbol “!” is a negative
logic operator, and may refer to an operator “not” that
converts a value that is not true into a true value and the vice
versa. For example, !7 may indicate a value 0, and !0 may
indicate a value 1.

Referring to FIG. 14, the encoding/decoding apparatus
may check a condition 1 for determining whether [, and A
are equal (S1400). That is, the encoding/decoding apparatus
may determine whether [ and A are the same intra prediction
mode. The condition 1 may be a condition for determining
whether “L—=A".
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If L and A are the same intra prediction mode (i.e., when
the condition 1 is satisfied), the encoding/decoding appara-
tus may check a condition 2 for determining whether L. (or
A) is a directional intra prediction mode (S1405). That is, the
encoding/decoding apparatus may determine whether I and
A are equal and the mode number of L. (or A) is greater than
the mode number of a DC mode. The condition 2 may be a
condition for determining whether “L>DC_idx”.

When the condition 2 is satisfied, the encoding/decoding
apparatus may derive an MPM list 1 as an MPM list for the
current block (S1410). When the condition 2 is not satisfied,
the encoding/decoding apparatus may derive an MPM list 2
as an MPM list for the current block (S1415).

In this case, the MPM list 1 may be configured like Table
2, and the MPM list 2 may be configured like Table 3.

TABLE 2
mpm[0] = L
mpm[2] = Planar_idx
mpm[3] = DC_idx
mpm[3] = L-1
mpm[4] = L+1
mpm[5] = L-2
TABLE 3
mpm[0] =L
mpm[l] =!L
mpm(2] = Vertical_idx
mpm[3] = Horizontal_idx
mpm[4] = Vertical_idx-4
mpm[5] = Vertical_idx+4

Referring to Table 2 and Table 3, the MPM list 1 may
include a first MPM candidate (mpm[0]) to a sixth MPM
candidate (mpm[5]) as in Table 2, The MPM list 2 may
include a first MPM candidate (mpm[0]) to a sixth MPM
candidate (mpm[5]) as in Table 3. In this case, the first to
sixth MPM candidates may indicate intra prediction modes
(i.e., mode numbers) indicated by respective MPM index
values 0 to 5. For example, the first MPM candidate indi-
cates an intra prediction mode assigned to mpm][0], and may
be indicated the value 0 of an MPM index.

If L and A are not the same intra prediction mode (i.e.,
when the condition 1 is not satisfied), the encoding/decoding
apparatus may derive a partially shared MPM list 1 (S1420).

In this case, the partially shared MPM list 1 may be
configured like Table 4.

TABLE 4
mpm[0] =L
mpm[l] = A

If L>A, max_idx is 0 and min_idx is 1.
Otherwise, max_idx is 1 and min_idx is 0.

Referring to Table 4, the partially shared MPM list 1 may
include a first MPM candidate (mpm|[0]) indicative of L. and
a second MPM candidate (mpm|[1]) indicative of A. That is,
if L and A are not equal, the encoding/decoding apparatus
may first add L. and A to the MPM list. Accordingly, MPM
lists 3, 4, and 5 to be described later may be configured to
partially include the first MPM candidate (mpm][0]) and the
second MPM candidate (mpm|[1]) as in Table 4. In this case,
in deriving the first MPM candidate (mpm[0]) and the
second MPM candidate (mpm[1]), an MPM index order
may be determined by comparing the sizes of the mode
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numbers of L and A. For example, referring to Table 4, when
L has a greater mode number than A, a max_idx value
indicative of [ may be set to 0, and a min_idx value
indicative of A may be set to 1. When L has a smaller mode
number than A, max_idx and min_idx values may be
inversely set.

Next, the encoding/decoding apparatus may check a con-
dition 3 for determining whether both [ and A are directional
intra prediction modes (S1425). That is, the encoding/
decoding apparatus may determine whether L and A are not
equal and the mode number of each of [. and A is greater than
a DC mode number. The condition 3 may be a condition for
determining whether “L>DC_idx AND A>DC_idx”.

If each of L and A has a greater mode number than the DC
mode (i.e., when the condition 3 is satisfied), the encoding/
decoding apparatus may derive a partially shared MPM list
2 (S1440).

In this case, the partially shared MPM list 2 may be
configured like Table 5.

TABLE 5

mpm[2] = Planar_idx
mpm[3] = DC_idx
diffEmpm[max_idx]-mpm[min_idx]

Referring to Table 5, the partially shared MPM list 2 may
include a third MPM candidate (mpm|2]) indicative of a
planar mode and a fourth MPM candidate (mpm|[3]) indica-
tive of a DC mode. That is, if the condition 3 is satisfied, this
means that both [ and A are directional intra prediction
modes. Accordingly, the encoding/decoding apparatus may
add the planar mode and the DC mode, that is, not direc-
tional intra prediction modes, to the MPM list as the third
MPM candidate (mpm][2]) and the fourth MPM candidate
(mpm][3]) after the first MPM candidate (mpm[0]=L) and the
second MPM candidate (mpm[1]=A) included in the par-
tially shared MPM list 1 described in Table 4. Accordingly,
MPM lists 4 and 5 to be described later may be configured
to partially include the third MPM candidate (mpm[2]) and
the fourth MPM candidate (mpm[3]) in Table 5 along with
the first MPM candidate (mpm][0]) and the second MPM
candidate (mpm][1]) in Table 4.

Next, the encoding/decoding apparatus may check a con-
dition 4 for determining whether a difference between the
mode number of L and the mode number of A is not 64 and
not 1 (S1445). The condition 4 may be a condition for
determining whether “diff =64 AND diff !=1".

For example, the difference (diff) between the mode
number of [ and the mode number of A may be calculated
like an equation illustrated in Table 5. In this case, diff may
be a result obtained by subtracting a smaller value from a
greater value in the mode number of L and the mode number
of A.

In this case, when the condition 4 is satisfied, the encod-
ing/decoding apparatus may derive an MPM list 5 as an
MPM list for the current block (S1455). When the condition
4 is not satisfied, the encoding/decoding apparatus may
derive an MPM list 4 as an MPM list for the current block
(S1450).

In this case, the MPM list 4 may be configured like Table
6, and the MPM list 5 may be configured like Table 7.

TABLE 6

mpm[4] = mpm
mpm[5] = mpm

[max_idx]-2
[max_idx]+2

10

15

20

25

30

35

40

45

50

55

60

65

26
TABLE 7

mpm[4] = mpm
mpm[5] = mpm

[max_idx]-1
[max_idx]+1

Each of the MPM list 4 of Table 6 and the MPM list 5 of
Table 7 may be configured to include a fifth MPM candidate
(mpm[4]) and a sixth MPM candidate (mpm|[5]) along with
the first to fourth MPM candidates (mpm[0]— mpm][3])
described in Table 4 and Table 5.

Meanwhile, if at least one of L and A is a non-directional
intra prediction mode at step S1425 (i.e., when the condition
3 is not satisfied), the encoding/decoding apparatus may
check a condition 5 for determining whether only any one of
L and A is a non-directional intra prediction mode (S1430).
That is, the encoding/decoding apparatus may determine
whether at least one of L and A is a DC mode number or less
and the sum of the mode number of L and the mode number
of A is 2 or more. The condition 5 may be a condition for
determining whether “L+A>=2".

When the sum of the mode number of L and the mode
number of A is 2 or more (i.e., when the condition 5 is
satisfied), the encoding/decoding apparatus may derive an
MPM list 3 as an MPM list for the current block (S1435).

In this case, the MPM list 3 may be configured like Table
8.

TABLE 8

mpm[2] = ! mpm[min_idx]
mpm[3] = mpm[max_idx]-1
mpm[4] = mpm[max_idx]+1
mpm[5] = mpm[max_idx]-2

Referring to Table 8, the MPM list 3 may be configured
to include third to sixth MPM candidates (mpm[2]— mpm
[5]) along with the first MPM candidate (mpm[0]) and the
second MPM candidate (mpm][1]) described in Table 4. In
this case, to satisfy the condition 5 may mean that any one
of L and A is a directional prediction mode and the other is
a non-directional prediction mode. Accordingly, the MPM
list 3 may include a non-directional prediction mode as the
third MPM candidate (mpm]|2]) after the first and second
MPM candidates. For example, if one having a non-direc-
tional mode, among L. and A, is a planar mode, the third
MPM candidate (mpm[2]) may be derived as a DC mode.
Alternatively, if one having a non-directional mode, among
L and A, is a DC mode, the third MPM candidate (mpm][2])
may be derived as a planar mode.

When the sum of the mode number of L and the mode
number of A is not 2 or more (i.e., when the condition 5 is
not satisfied), the encoding/decoding apparatus may derive
an MPM list 2 as an MPM list for the current block (S1415).
In this case, both L and A may be non-directional prediction
modes.

In this case, the MPM list 2 may be the same as Table 3.
Referring to Table 3, since both L. and A are non-directional
prediction modes, in the MPM list 2, a planar mode and a
DC mode may be derived as the first MPM candidate
(mpm[0]) and the second MPM candidate (mpm|[1]), respec-
tively. The remaining third to sixth MPM candidates (mpm
[2]~mpm][5]) may be derived as illustrated in Table 3.

In Table 2 to Table 8, in (directional intra prediction
mode+1), (directional intra prediction mode-1), (directional
intra prediction mode+2), (directional intra prediction
mode-2), etc., a value may be mathematically added or
subtracted. However, in some cases, mathematical calcula-
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tion may not be simply performed. For example, in a
non-directional intra prediction mode, the consistency of a
neighboring intra prediction mode may not be maintained by
subtracting or adding a directional intra prediction mode or
a maximum available intra prediction mode index may be
exceeded. For example, a value obtained by subtracting 1
from a directional intra prediction mode may be derived as
an intra mode 1 indicative of a DC index (DC mode). 67 is
obtained by adding 1 to the No. 66 directional intra predic-
tion mode, and thus it exceeds the index 66 of a maximum
available intra mode. Accordingly, an operation of adding or
subtracting a mode may be limited as follows using a
modular arithmetic (indicated by %). That is, a value indica-
tive of a non-directional intra prediction mode that does not
consistency or a value that exceeds a maximum available
intra mode index can be prevented from being derived. For
example, the adding or subtracting of a mode using the
modular arithmetic may be derived like Table 9.

TABLE 9

: (Intra mode + 62) % 65 + 2
: (Intra mode — 1) % 65 + 2
: (Intra mode + 61) % 65 + 2
: (Intra mode) % 65 + 2

- Intra mode -1
- Intra mode +1
- Intra mode -2
- Intra mode +2

FIG. 15 is a flowchart illustrating another embodiment of
a method of configuring an MPM list for a current block.

FIG. 15 illustrates a method of efficiently configuring an
MPM list for a current block including k MPM candidates
based on a neighboring located adjacent to the current block.
For example, k may be 6, and five conditions may be used
to configure an MPM list for the current block among 5
efficient lists. In FIG. 15, L. may indicate an intra prediction
mode of the neighboring block B illustrated in FIG. 11, and
A may indicate an intra prediction mode of the neighboring
block D illustrated in FIG. 11. Alternatively, in contrast, L
may indicate an intra prediction mode of the neighboring
block D illustrated in FIG. 11, and A may indicate an intra
prediction mode of the neighboring block B illustrated in
FIG. 11. In FIG. 15, a symbol “!” is a negative logic
operator, and may refer to an operator “not” that converts a
value that is not true into a true value and the vice versa. For
example, !7 may indicate a value 0, and !0 may indicate a
value 1.

Furthermore, the MPM list configuration method accord-
ing to the embodiment of FIG. 15 is similar to that of FIG.
14, and corresponds to a case where a condition used to
configure the MPM list is different. Accordingly, in the
embodiment of FIG. 15, a detailed description that overlaps
that of FIG. 14 is omitted, and only a different configuration
is described.

The encoding/decoding apparatus checks a condition 1 for
determining whether L and A are equal (S1500). If L. and A
are the same intra prediction mode, the encoding/decoding
apparatus may check a condition 2 for determining whether
L (or A) is a directional intra prediction mode (S1510). The
condition 1 may be a condition for determining whether
“L==A”, and a condition 2 may be a condition for deter-
mining whether “L>DC_idx”.

When the condition 1 and the condition 2 are satisfied, the
encoding/decoding apparatus may configure an MPM list 1
by deriving a first MPM candidate (mpm[0]) to a sixth MPM
candidate (mpm][5]) like Table 2 (S1510).

Alternatively, when the condition 1 is satisfied and the
condition 2 is not satisfied, the encoding/decoding apparatus
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may configure an MPM list 2 by deriving a first MPM
candidate (mpm[0]) to a sixth MPM candidate (mpm][5])
like Table 3 (S1515).

In the determination step S1500 of the condition 1, if it is
determined that L. and A are not the same intra prediction
mode, the encoding/decoding apparatus may configure a
partially shared MPM list 1 by deriving a first MPM
candidate (mpm][0]) indicative of [. and a second MPM
candidate (mpm[1]) indicative of A like Table 4 (S1520).
Furthermore, the encoding/decoding apparatus may check a
condition 3 for determining whether both L. and A are
directional intra prediction modes (S1525), and may derive
the remaining MPM candidates (mpm[2]~mpm|[5]) based on
whether the condition 3 is satisfied. The condition 3 may be
a condition for determining whether “L>DC_idx AND
A>DC_idx”.

In this case, when the condition 3 is satisfied, the encod-
ing/decoding apparatus may derive a third MPM candidate
(mpm[2]) indicative of a planar mode and a fourth MPM
candidate (mpm]|3]) indicative of a DC mode like Table 5,
and may configure a partially shared MPM list 2 (S1540).
Furthermore, if both L. and A are directional intra prediction
modes, the encoding/decoding apparatus may check a con-
dition 4 for determining whether a difference (diff) between
the mode numbers of L and A is smaller than 63 and is not
1 (S1545). The condition 4 may be a condition for deter-
mining whether “diff <63 AND diff !=1".

When the condition 4 is satisfied, the encoding/decoding
apparatus may configure an MPM list 5 by deriving a fifth
MPM candidate (mpm[4]) and a sixth MPM candidate
(mpm[5]) like Table 7 (S1555).

Alternatively, when the condition 4 is not satisfied, the
encoding/decoding apparatus may configure an MPM list 4
by deriving a fifth MPM candidate (mpm[4]) and a sixth
MPM candidate (mpm|[5]) like Table 6 (S1550).

In this case, the MPM list 4 and the MPM list 5 may be
configured to include the fifth MPM candidate (mpm[4]) and
the sixth MPM candidate (mpm][5]) along with the first to
fourth MPM candidates (mpm|[0]— mpm[3]) described in
Table 4 and Table 5.

Meanwhile, in the determination step S1525 of the con-
dition 3, if it is determined that at least one of L and A is a
non-directional intra prediction mode, the encoding/decod-
ing apparatus may check a condition 5 for determining
whether only any one of L. and A is a non-directional intra
prediction mode (S1530). That is, the encoding/decoding
apparatus may determine whether at least one of L and A is
a DC mode number or less and the sum of the mode number
of L and the mode number of A is 2 or more. The condition
5 may be a condition for determining whether “L+A>=2".

When the sum of the mode number of L and the mode
number of A is 2 or more (i.e., when the condition 5 is
satisfied), the encoding/decoding apparatus may configure
an MPM list 3 by deriving a third MPM candidate (mpm][2])
and a sixth MPM candidate (mpm[5]) like Table 8 (S1535).

In this case, the MPM list 3 may be configured to include
the remaining MPM candidates (mpm[2]— mpm][5]) along
with the first MPM candidate (mpm[0]) and the second
MPM candidate (mpm][1]) described in Table 4.

When the sum of the mode number of L and the mode
number of A is not 2 or more (i.e., when the condition 5 is
not satisfied), the encoding/decoding apparatus may config-
ure an MPM list 2 by deriving MPM candidates (mpm[0]—
mpm[5]) like Table 3 (S1515).

The method of configuring an MPM list in the aforemen-
tioned embodiments may be performed in the encoding/
decoding apparatus. In this case, in configuring the MPM
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list, the encoding apparatus may derive the best intra pre-
diction mode to be applied to a current block, and may
determine whether the derived best intra prediction mode
belongs to an MPM list including MPM candidates config-
ured using a method, such as those of the aforementioned
embodiments. If an intra prediction mode of a current block
belongs to an MPM list including MPM candidates, the
encoding apparatus may encode an MPM flag and an MPM
index. In this case, the MPM flag may indicate whether the
intra prediction mode of the current block belongs to the

30

didates includes a process of searching for the locations of
various neighboring blocks, a continuous pruning process,
steps for generating the MPM list, line buffer requirements
and parsing dependency. Accordingly, as in the method
using 3 MPM candidates, there is proposed a method
capable of obtaining advantages in complexity and through-
put even in using 6 MPM candidates.

In one embodiment, an MPM list may be configured
based on an algorithm (i.e., pseudo code), such as Table 10.

TABLE 10

Determine LEFT and ABOVE intra modes

Set MPM as MPM_ordering 0

If (LEFT==ABOVE)
If (LEFT>=DC_idx), then set MPM as MPM_ordering 1

Else if (LEFT>DC_idx and ABOVE>DC_idx), then set MPM as MPM_ordering 2
Else if (LEFT+ABOVE> DC_idx), then set MPM as MPM_ordering 3

MPM list (i.e., MPM candidates). The MPM index may
indicate whether which MPM mode is applied as the intra
prediction mode of the current block, among the MPM
candidates included in the MPM list. In contrast, if the intra
prediction mode of the current block does not belong to the
MPM list including the MPM candidates, the encoding
apparatus may encode the intra prediction mode of the
current block.

The decoding apparatus may configure an MPM list by
applying the same method as that of the aforementioned
embodiments identically with the encoding apparatus. Fur-
thermore, the decoding apparatus may receive an MPM flag
from the encoding apparatus, and may identify whether an
intra prediction mode applied to a current block is included
in an MPM list (i.e., MPM candidates) using the MPM flag.
If the intra prediction mode applied to the current block is
included within the MPM list (i.e., MPM candidates), the
decoding apparatus may derive an intra prediction mode
applied to the current block using an MPM index received
from the encoding apparatus. In contrast, if the intra pre-
diction mode applied to the current block is not included in
the MPM list (i.e., MPM candidates), the decoding appara-
tus may derive an intra prediction mode applied to the
current block using a prediction mode index (or, remaining
prediction mode index; remaining mode information)
indicative of a specific prediction mode, among remaining
prediction modes except the MPM candidates.

Hereinafter, there is proposed a method of configuring an
extended MPM list having similar complexity by comparing
the extended MPM list with an MPM list including 3 MPM
candidates. The extended MPM list refers to a MPM list
including three or more MPM candidates, and may include
3,4, 5 or 6 MPM candidates, for example. In a proposed
method to be described later, an embodiment in which an
MPM list including 6 MPM candidates is generated using
two neighboring intra prediction modes (left neighboring
intra prediction mode and above neighboring intra predic-
tion mode). In this case, the left neighboring intra prediction
mode (LEFT) may indicate an intra prediction mode of the
neighboring block D in FIG. 11, and the above neighboring
intra prediction mode (ABOVE) may indicate an intra
prediction mode of the neighboring block B in FIG. 11.

In configuring the extended MPM list, the reason for the
3 MPM candidates are used is that there are advantages in
simplicity and throughput. However, complexity may be
increased because the existing method using 6 MPM can-

20

30

35

40

45

50

55

60

65

Referring to Table 10, the MPM list of a current block
may be generated based on LEFT and ABOVE, that is,
neighboring intra prediction modes. In this case, LEFT may
indicate an intra prediction mode of the neighboring block D
in FIG. 11, and ABOVE may indicate an intra prediction
mode of the neighboring block B in FIG. 11. Furthermore,
the neighboring block D may indicate a left neighboring
block located on the downmost side, among left neighboring
blocks neighboring the left of the current block. The neigh-
boring block B may indicate a top neighboring block located
on the far right side, among neighboring blocks neighboring
the top of the current block.

Specifically, intra prediction modes of LEFT and ABOVE
may be derived.

Furthermore, the MPM list (i.e., MPM candidates) of a
current block may be set as MPM_ordering_0 based on the
intra prediction modes of LEFT and ABOVE. In this case,
if LEFT and ABOVE are equal and the mode number of
LEFT is greater than or equal to a DC mode, the MPM list
(i.e., MPM candidates) of the current block may be set as
MPM_ordering_1. Alternatively, if LEFT and ABOVE are
not equal and the mode number of LEFT is greater than that
of a DC mode and the mode number of ABOVE is greater
than that of a DC mode, the MPM list (i.e., MPM candi-
dates) of the current block may be set as MPM_ordering_2.
Alternatively, if LEFT and ABOVE are not equal, at least
one of the mode number of LEFT and the mode number of
ABOVE is not greater than that of a DC mode, and the sum
of the mode number of LEFT and the mode number of
ABOVE is greater than the mode number of a DC mode, the
MPM list (i.e., MPM candidates) of the current block may
be set as MPM_ordering_3.

In this case, MPM_ordering 0, MPM_ordering 1,
MPM_ordering_2, or MPM_ordering_3 may have been
configured to include MPM candidates according to a pre-
determined order as described in FIGS. 12 to 15.

Furthermore, if one of the remaining intra prediction
modes except derived MPM candidates is an intra prediction
mode applied to a current block as described above, the
MPM coding of the current block may be performed based
on remaining mode information. Such remaining mode
information may be encoded/decoded by applying truncated
binary (IB) coding. If the TB coding is applied, the remain-
ing mode information may be used to variably generate bits
from 1 bit to 5 bits and may be subjected to binarization
processing. Accordingly, in deriving the remaining mode
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information, the number of bits can be reduced and coding
efficiency can be enhanced by performing TB binarization
processing.

In another embodiment, an MPM list may be configured
based on an algorithm (i.e., spec), such as Table 11 shown
in FIG. 19.

Referring to Table 11, candidate intra prediction modes
may be derived based on a neighboring block of a current
block. An MPM list for the current block may be configured
based on the candidate intra prediction modes. The candi-
date intra prediction modes may include a candidate intra
prediction mode A and a candidate intra prediction mode B.

For example, when at least one of conditions to be
described later is true (i.e., when at least one of conditions
to be described later is satisfied, the candidate intra predic-
tion mode A may be set as a planar mode intra prediction
mode.

A neighboring block A is not available

An intra prediction is not applied to the neighboring block

A

In this case, the neighboring block A may be a left
neighboring block of a current block. The left neighboring
block may be a left neighboring block located on the
downmost side, among left neighboring blocks neighboring
the current block. For example, if the size of a current block
is cbWidthxcbHeight and an x component and y component
at the top-left sample position of the current block are xCb
and yCb, the neighboring block A may be a block including
a sample at (xCb-1, yCb+cbHeight-1) coordinates. Mean-
while, the neighboring block A may indicate the neighboring
block D of FIG. 11.

When all the conditions are not true (i.e., when all the
conditions are not satisfied), the candidate intra prediction
mode A may be set as an intra prediction mode of the
neighboring block A.

Furthermore, for example, when at least one of conditions
to be described later is true (i.e., when at least one of the
conditions to be described later is satisfied, the candidate
intra prediction mode B may be set as a planar mode intra
prediction mode.

A neighboring block B is not available

An intra prediction is not applied to the neighboring block

B
yCb-1 is smaller than ((yCb>>Ctb Log 2SizeY)<<Ctb
Log 2SizeY)

In this case, the neighboring block B may be a top
neighboring block of the current block. The top neighboring
block may be a top neighboring block located on the far right
side among top neighboring blocks neighboring the current
block. For example, if the size of a current block is
cbWidthxcbHeight and an x component and y component at
the top-left sample position of the current block are xCb and
yCb, the neighboring block B may be a block including a
sample at (xCb+cbWidth-1, yCb-1) coordinates. Mean-
while, Ctb Log 2SizeY may indicate the size of a current
CTU, and ((yCb>>Ctb Log 2SizeY)<<Ctb Log 2SizeY)
may indicate coordinates at the top boundary of the current
CTU. That is, a case where yCb-1 is smaller than
((yCb>>Ctb Log 28izeY)<<Ctb Log 2SizeY) may indicate
a case where the neighboring block B is out of the range of
the current CTU. That is, the aforementioned condition may
indicate a case where the neighboring block B is out of the
range of the current CTU.

When all the conditions are not true (i.e., when all the
conditions are not satisfied), the candidate intra prediction
mode B may be set as an intra prediction mode of the
neighboring block B.

10

15

20

25

30

35

40

45

50

55

60

65

32

If candidate intra prediction modes have been derived, the
MPM list of the current block may be configured like a first
MPM list. The first MPM list may be configured with a first
MPM candidate indicative of a candidate intra prediction
mode A, a second MPM candidate indicative of the intra
prediction mode of a value obtained by performing an
operation on the candidate intra prediction mode A using a
negative logic operator, a third MPM candidate indicative of
the No. 50 intra prediction mode, a fourth MPM candidate
indicative of the No. 18 intra prediction mode, a fifth MPM
candidate indicative of the No. 46 intra prediction mode, and
a sixth MPM candidate indicative of the No. 54 intra
prediction mode.

Thereafter, whether the candidate intra prediction mode B
and the candidate intra prediction mode A are equal may be
determined.

In this case, if the candidate intra prediction mode B and
the candidate intra prediction mode A are equal, whether the
candidate intra prediction mode A is larger than 1 may be
determined. When the candidate intra prediction mode A is
larger than 1, the MPM list of the current block may be
configured like a second MPM list. The second MPM list
may be configured with a first MPM candidate indicative of
the candidate intra prediction mode A, a second MPM
candidate indicative of a planar mode intra prediction mode,
a third MPM candidate indicative of a DC intra prediction
mode, a fourth MPM candidate indicative of an intra pre-
diction mode derived as 2+((candIntraPredModeA+62) %
65), a fitth MPM candidate indicative of an intra prediction
mode derived as 2+((candIntraPredModeA-1) % 65), and a
sixth MPM candidate indicative of an intra prediction mode
derived as 2+((candIntraPredModeA+61) % 65).

Otherwise, if the candidate intra prediction mode B and
the candidate intra prediction mode A are not equal, first, the
first MPM candidate and second MPM candidate of the
current block may be derived. The first MPM candidate may
be derived as the candidate intra prediction mode A, and the
second MPM candidate may be derived as the candidate
intra prediction mode B. Furthermore, biggerldx may be set.
When the first MPM candidate is greater than the second
MPM candidate, biggerldx may be derived as 0. When the
first MPM candidate is not greater than the second MPM
candidate, biggerldx may be derived as 1.

Next, whether the candidate intra prediction mode A and
the candidate intra prediction mode B are larger than 1 may
be determined (i.e., whether the mode number of the can-
didate intra prediction mode A and the mode number of the
candidate intra prediction mode B are larger than 1 may be
determined). In this case, when the candidate intra predic-
tion mode A and the candidate intra prediction mode B are
larger than 1, the third MPM candidate and fourth MPM
candidate of the current block may be derived. The third
MPM candidate may be derived as a planar mode intra
prediction mode, and the fourth MPM candidate may be
derived as a DC intra prediction mode.

Next, whether a difference (diff) between an MPM can-
didate indicated by an MPM index having a value of
biggerldx and an MPM candidate indicated by an MPM
index having a value (i.e., !biggerldx) obtained by perform-
ing an operation on biggerldx using a negative logic opera-
tor is not 64 and also not 1 may be determined.

When the difference is not 64 and also not 1, the fifth
MPM candidate and sixth MPM candidate of the current
block may be derived. The fifth MPM candidate may be
derived as an intra prediction mode derived as 2+((cand-
ModeList[biggerldx]+62) % 65). The sixth MPM candidate
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may be derived as an intra prediction mode derived as
2+((candModeList[ biggerldx]-1) % 65).

Otherwise, if the difference is 64 or 1, the fifth MPM
candidate and sixth MPM candidate of the current block
may be derived. The fiftth MPM candidate may be derived as
an intra prediction mode derived as 2+((candModeL ist[big-
gerldx]+61) % 65). The sixth MPM candidate may be
derived as an intra prediction mode derived as 2+(candMod-
eList[biggerldx]% 65).

Meanwhile, when the sum of the candidate intra predic-
tion mode A and the candidate intra prediction mode B is
greater than or equal to 2, the third MPM candidate, fourth
MPM candidate, fifth MPM candidate and sixth MPM
candidate of the current block may be derived. The third
MPM candidate may be derived as an intra prediction mode
derived as a value obtained by performing an operation on
an MPM candidate, indicated by an MPM index having a
value (i.e., !biggerldx) by performing an operation on big-
gerldx using a negative logic operator, using a negative logic
operator. The fourth MPM candidate may be derived as an
intra prediction mode derived as 2+((candModeList[big-
gerldx]+62) % 65). The fifth MPM candidate may be
derived as an intra prediction mode derived as 2+((cand-
ModeList[biggerldx]-1) % 65). The sixth MPM candidate
may be derived as an intra prediction mode derived as
2+((candModeList[ biggerldx]+61) % 65).

In another embodiment, an MPM list may be configured
using a method different from the algorithm proposed in
Table 11. An MPM list may be configured using an algo-
rithm (i.e., spec), such as Table 12 shown in FIG. 20.

Referring to Table 12, a condition for deriving an MPM
list is different from that of Table 11, and MPM candidates
derived based on each condition are also different from those
of Table 11. In this case, a detailed description of contents
that overlaps those of Table 11 is omitted.

Referring to Table 12, candidate intra prediction modes A
and B may be derived based on the neighboring blocks A and
B of a current block. In this case, an MPM list may be
differently configured depending on whether a predeter-
mined condition is satisfied based on the candidate intra
prediction mode A and the candidate intra prediction mode
B.

In one embodiment, whether the candidate intra predic-
tion mode A and the candidate intra prediction mode B are
equal may be determined. Whether the candidate intra
prediction mode A or the candidate intra prediction mode B
has a greater mode number than a DC mode (i.e., No. 1) may
be determined. When the candidate intra prediction mode A
and the candidate intra prediction mode B are not equal,
whether both the candidate intra prediction mode A and the
candidate intra prediction mode B have greater mode num-
bers than the DC mode or any one of them has a greater
mode number than the DC mode may be determined. In this
case, when both the candidate intra prediction mode A and
the candidate intra prediction mode B have a greater mode
number than the DC mode, whether both the candidate intra
prediction mode A and the candidate intra prediction mode
B have a greater mode number than the DC mode may be
determined based on whether a mode number difference
between the candidate intra prediction mode A and the
candidate intra prediction mode B (e.g., whether a difference
between the mode numbers of the two candidates is larger
than 1 and smaller than 63). MPM candidates derived within
an MPM list may be differently determined depending on
whether such a condition is satisfied as illustrated in Table
12.

Furthermore, referring to Table 11 and Table 12, remain-
ing MPM candidates are derived using a modular arithmetic
in the candidate intra prediction mode A and the candidate
intra prediction mode B. The 65 modular arithmetic is used
in the embodiment of Table 11, and the 64 modular arith-
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metic operation is used in the embodiment of Table 12. The
modular arithmetic may be differently applied depending on
an algorithm by considering prediction performance and
complexity. For example, if the modular arithmetic is used,
modes having similar directivity may be derived as MPM
candidates by considering the directivity of the candidate
intra prediction mode A and/or the candidate intra prediction
mode B or modes (e.g., non-directional modes) whose
consistency is not maintained based on a mode of the
candidate intra prediction mode A and/or the candidate intra
prediction mode B may be derived as MPM candidates.
Accordingly, performance of an intra prediction can be
improved and efficiency can be enhanced because MPM
candidates having a meaningful angle (i.e., direction) can be
derived using the modular arithmetic.

For example, an operation of adding and subtracting an
intra prediction mode using the 64 modular arithmetic may
be applied like Table 13. For example, if the 64 modular
arithmetic is applied to (intra prediction mode+1), (intra
prediction mode-1), (intra prediction mode+2), and (intra
prediction mode-2) described in Table 2 to Table 8, the
results may be calculated like Table 13.

TABLE 13

- Intra mode -1
- Intra mode +1
- Intra mode -2
- Intra mode +2

: (Intra mode +61)%64+2
: (Intra mode —1)%64+2
: (Intra mode +60)%64+2
: (Intra mode)%64+2

As described above, an intra prediction mode for a current
block may be derived based on an MPM list including
derived MPM candidates. Predicted samples may be gener-
ated by performing a prediction on the current block based
on the derived intra prediction mode.

In this case, in deriving the intra prediction mode of the
current block, when the MPM flag (e.g., intra_luma_mpm_
flag in Table 11 and Table 12) is 1, as described above, an
MPM candidate indicated by an MPM index (e.g., intra_lu-
ma_mpm_idx in Table 11 and Table 12) among the derived
MPM candidates may be derived as the intra prediction
mode of the current block. Alternatively, when the MPM flag
(e.g., intra_luma_mpm_flag in Table 11 and Table 12) is O,
as described above, a remaining mode (e.g., intra_lu-
ma_mpm_remainder in Table 11 and Table 12) indicative of
one of the remaining intra prediction modes except the
derived MPM candidates may be derived as the intra pre-
diction mode of the current block.

As described above, intra prediction mode information for
a current block may be coded and signaled as a value of a
syntax element. In this case, the intra prediction mode
information is information necessary for the intra prediction
of the current block, and may include the aforementioned
MPM flag, MPM index, remaining mode, etc. In coding the
intra prediction mode information, various binarization pro-
cesses may be applied based on each syntax element.

In this case, the binarization may mean a set of bin strings
for all the possible values of the syntax elements. Further-
more, the binarization process may mean a procedure for
uniquely mapping all the possible values of the syntax
elements to a set of bin strings. The bin may mean one-digit
binary value. For example, “0” or “1” may be called a single
bin. The bin string may mean a binary order configured with
bins, and may be continuous binary values, such as “01.”

In one embodiment, syntax elements of intra prediction
mode information and corresponding binarization may be
the same as Table 14.
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TABLE 14
Binarization
Syntax structure Syntax element Process Input parameters
coding quadtree( ) qt_split cu_ flag[ ][ ] FL cMax =1
multi_type_tree( ) mtt_split_cu_flag FL cMax - 1
mtt_split_cu_vertical_flag FL cMax =1
mtt_split_cu_binary_ flag FL cMax =1
coding tree_ unit( ) alf ctb_flag[ ][ ][ ] FL cMax - 1
coding unit( ) cu_skip_ flag[ [ ] FL cMax =1
pred__mode_ flag FL cMax =1
intra_ luma_mpm_ flag[ ][ ] FL cMax =1
intra_ luma_mpm__idx[ ][ ] TR cMax = 5,
cRiceParam = 0
intra luma mpm remainder[ ][] TB cMax - 60
intra_ chroma_pred_mode[ ][] 9.5.3.6 —
merge_ affine_ flag[ ][ ] FL cMax =1
merge flag[ ][ ] FL cMax - 1
merge_idx[ ][ ] TR cMax =
MaxNumMergeCand - 1,
cRiceParam = 0
inter__pred__ide[ x0 ][ yO ] 9537 —
inter affine flag[ ][ ] FL cMax =1
cu_affine type flag[ ][ ] FL cMax =1
ref idx_10[ ][] TR cMax =
num__ref _idx__10__active__minusl,
cRiceParam - 0
mvp_10_flag[ ][ ] FL cMax =1
ref idx_I1[ ][] TR cMax =
num_ref _idx__11__ active__minusl,
cRiceParam = 0
mvp__11_flag[ ][ ] FL cMax =1
amvr__mode[ ][ ] TR cMax = 2, cRiceParam = 0
cu__cbf FL cMax =1
mvd__coding( ) abs__mvd_ greater0_ flag[ ] FL cMax =1
abs__mvd_ greaterl_ flag[ ] FL cMax =1
abs__mvd__minus2[ ] EG1 —
mvd_sign_ flag[ ] FL cMax =1
transform__unit( ) tu cbf luma[ [ [ ] FL cMax - 1
tu_cbf_cb[ [ ][ ] FL cMax =1
tu_cbf e[ ][ ][] FL cMax =1
cu_mts_ flag[ [ ] FL cMax - 1
residual__coding( ) transform_ skip_flag[ ][ ][ ] FL cMax =1
last_sig coeff_ x_ prefix TR cMax =
( log2TrafoSize <<1) -1,
cRiceParam = 0
last_sig coeff_y_prefix TR cMax =
( log2TrafoSize <<1) -1,
cRiceParam = 0
last_sig coeff__x_suffix FL cMax =
(1 << (( last_sig_coeff x_prefix >>
1)-1)-1)
last_sig coeff_y_ suffix FL cMax =
(1 << (( last_sig_coeff y prefix >>
1)-1)-1)
coded__sub_ block_ flag[ ][ ] FL cMax =1
sig__coeff. flag[ ][ ] FL cMax =1
par_level flag[ ] FL cMax =1
rem_abs_ gtl_ flag[ ] FL cMax =1
rem_abs_ gt2_ flag[ ] FL cMax =1
abs__remainder[ ] 9.5.3.8 cldx, x0, y0, xC, yC, log2TbWidth,
log2TbHeight
coeff_sign flag| ] FL cMax =1
mts_idx[ ][ ] FL cMax =3
55

Referring to Table 14, the “intra_luma_mpm_flag” syntax
element representing an MPM flag may be encoded/decoded
by applying a fixed-length (FL) binarization process to the
“intra_luma_mpm_flag” syntax element. The “intra_lu-
ma_mpm_idx” syntax element representing an MPM index
may be encoded/decoded by applying a truncated rice (TF)
binarization process to the “intra_luma_mpm_idx” syntax
element. The “intra_luma_mpm_remainder” syntax element
representing a remaining mode may be encoded/decoded by
applying a truncated binary (TB) binarization process to the
“intra_luma_mpm_remainder” syntax element.

60

65

According to an embodiment of this document, as
described above, the existing 35 intra prediction modes may
be extended and thus the 67 intra prediction modes may be
used. In this case, in coding intra prediction mode informa-
tion, a syntax element representing the remaining mode may
require 6 bits. However, the number of bits of a syntax
element representing the remaining mode may be reduced
according to a coding method (i.e., binarization method).
That is, as in Table 12, when coding the syntax element
representing the remaining mode, the number of bits can be
reduced and coding efficiency can be enhanced by perform-
ing truncated binary (TB) binarization processing.
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In one embodiment, a truncated binary (TB) binarization
process, such as Table 15, may be performed on the syntax
element representing the remaining mode.

TABLE 15

38
encoder 240 disclosed in FIG. 2. Furthermore, the method
disclosed in FIG. 16 may include the embodiments disclosed
in this specification. Accordingly, in FIG. 16, a detailed

9.5.3.6 Truncated binary binarization process

Inputs to to this process are a request for a truncated binary (TB) binarization and cMax.
Outputs of this process is the TB binarization associating each value symbolVal with a corresponding

bin string.

Syntax elements coded as tb(v) are truncated binary coded. The range of possible values for the
syntax element is determined first. The range of this syntax element may be between 0 and cMax,
with cMax being greater than or equal to 1. symbolVal which is equal to the value of the syntax

element is given by a process specified as follows:
n=cMax + 1
if (n >256) {
thVal = 1 << 8
th=8
while(thVal <= n) {
th++
thVal <<= 1

th— —

else {
th = Floor (Log2(n)) so that 2F <= n < 2%+!

val =1 <<th

b=n-val

symbolVal = read_bits(th)

if(symbolVal >= val - b) {
symbol Val <<= 1
symbol Val += read_bits(1)
symbol Val —=val - b

9-9)

Referring to Table 15, when the syntax element (intra_lu-
ma_mpm_remainder) representing a remaining mode is
input, a TB-binarized value of the syntax element (intra_lu-
ma_mpm_remainder) may be output based on truncated
binary (TB) coding. First, the range of possible values of the
syntax element (intra_luma_mpm_remainder) may be deter-
mined. The range of the syntax element (intra_luma_mpm_
remainder) may be between 0 to cMax. cMax may indicate
a maximum value of the syntax element (intra_luma_mpm_
remainder), and may have a value greater than or equal to 1.
A TB-binarized value (TB bin string) for the value of the
syntax element (intra_luma_mpm_remainder) may be
derived based on the algorithm of Table 15. For example, in
Table 14, in the case of the syntax element (intra_lu-
ma_mpm_remainder) representing a remaining mode, cMax
is 60. Accordingly, the syntax element (intra_luma_mpm_
remainder) may be represented using 6 bits. However, if
binarization coding is performed on a value of the syntax
element (intra_luma_mpm_remainder) representing a
remaining mode based on TB coding, such as the algorithm
of Table 15, the binarization coding may be performed using
the number of bits smaller than 6 bits based on the value of
the syntax element (intra_luma_mpm_remainder). For
example, the syntax element (intra_luma_mpm_remainder)
representing a remaining mode may be used to variably
generate bits from 1 bit to 5 bits based on a value of the
syntax element, and may be coded by TB coding.

FIG. 16 is a flowchart schematically illustrating an encod-
ing method which may be performed by the encoding
apparatus according to an embodiment of this document.

The method disclosed in FIG. 16 may be performed by the
encoding apparatus 200 disclosed in FIG. 2. Specifically,
steps S1600-S1640 in FIG. 16 may be performed the pre-
dictor 220 and the intra predictor 222 disclosed in FIG. 2.
Step S1650 in FIG. 16 may be performed by the entropy
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description of contents that overlap the aforementioned
embodiments is omitted or the contents are described in
brief.

Referring to FIG. 16, the encoding apparatus may derive
a first candidate intra prediction mode based on a first
neighboring block located on the left side of a current block
(81600).

In this case, neighboring blocks located adjacent to the
current block may include the neighboring block A, the
neighboring block B, the neighboring block C, the neigh-
boring block D, the neighboring block E, the neighboring
block F and/or the neighboring block G illustrated in FIG.
11. In this case, the first neighboring block is a neighboring
block located on the left side of the current block, and may
be the neighboring block D illustrated in FIG. 11, for
example. That is, the neighboring block D may indicate a
left neighboring block located on the downmost side among
neighboring blocks neighboring the left boundary of the
current block.

In one embodiment, if the first neighboring block is
available and an intra prediction has been applied to the first
neighboring block, the encoding apparatus may derive an
intra prediction mode of the first neighboring block as the
first candidate intra prediction mode. Alternatively, if the
first neighboring block is not available or an intra prediction
is not applied to the first neighboring block, the encoding
apparatus may derive a planar mode intra prediction mode as
the first candidate intra prediction mode.

The encoding apparatus may derive a second candidate
intra prediction mode based on a second neighboring block
located on the upper side of the current block (S1610).

In this case, the second neighboring block is a neighbor-
ing block located on the upper side of the current block, and
may be the neighboring block B illustrated in FIG. 11, for
example. That is, the neighboring block B may indicate a
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upper side neighboring block located on the far right side
among neighboring blocks neighboring the upper boundary
of the current block. For example, if the size of a current
block is WxH and an x component and y component at the
top-left sample position of the current block are xN and yN,
the first neighboring block may be a block including a
sample at (xN-1, H+yN-1) coordinates, and the second
neighboring block may be a block including a sample at
(W+xN-1, yN-1) coordinates.

In one embodiment, if a second neighboring block is
available, an intra prediction is applied to the second neigh-
boring block, and the second neighboring block is included
in a current CTU, the encoding apparatus may derive an
intra prediction mode of the second neighboring block as the
second candidate intra prediction mode. Alternatively, if a
second neighboring block is not available or an intra pre-
diction is not applied to the second neighboring block or the
second neighboring block is not included in a current CTU,
the encoding apparatus may derive a planar mode intra
prediction mode as the second candidate intra prediction
mode.

The encoding apparatus may configure a most probable
mode (MPM) list for the current block based on the first
candidate intra prediction mode and the second candidate
intra prediction mode (S1620).

That is, the encoding apparatus may derive MPM candi-
dates including at least one of the first candidate intra
prediction mode and the second candidate intra prediction
mode, and may configure an MPM list based on the MPM
candidates. In this case, the aforementioned various embodi-
ments may be applied to a process of deriving the MPM
candidates and configuring the MPM list. The process has
been described above with reference to FIGS. 12 to 15 and
Table 1 to Table 13. According to the aforementioned
embodiments, the MPM candidates may be derived to
configure the MPM list depending on whether predeter-
mined conditions are satisfied based on the first candidate
intra prediction mode derived from the first neighboring
block and the second candidate intra prediction mode
derived from the second neighboring block.

In this case, at least one of the MPM candidates included
in the MPM list may be derived by applying a modular
arithmetic operation to the first candidate intra prediction
mode or the second candidate intra prediction mode. In this
case, in an implementation of the MPM list, an algorithm
may be implemented so that the MPM candidates having
meaningful angles (i.e., directions) can be configured by
considering a total number of intra prediction modes, the
direction of an intra prediction, prediction performance,
complexity, etc. According to an embodiment, as in Table 9
or Table 13, the MPM candidates may be derived by
applying the 64 modular arithmetic operation or the 65
modular arithmetic operation to the first candidate intra
prediction mode or the second candidate intra prediction
mode.

In one embodiment, an intra prediction mode of one of
MPM candidates may be derived based on a result, calcu-
lated by calculating a first value by adding 61, 60, 0, or -1
to a greater mode index of a mode index (mode number) of
the first candidate intra prediction mode and a mode index
(mode number) of the second candidate intra prediction
mode, calculating a second value by applying the 64 modu-
lar arithmetic operation to the first value, and adding 2 to the
second value.

For example, in deriving the MPM candidates, if the first
candidate intra prediction mode and the second candidate
intra prediction mode are the same intra prediction mode, the
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encoding apparatus may derive the MPM candidates by
determining whether a mode index of the first candidate
intra prediction mode has a greater mode index than a DC
intra prediction mode. In this case, if the first candidate intra
prediction mode has a greater mode index than a DC intra
prediction mode, the MPM candidates may include an intra
prediction mode derived based on a result calculated by
applying the 64 modular arithmetic operation to (the mode
index of the first candidate intra prediction mode+61) and
adding 2, an intra prediction mode derived based on a result
calculated by applying the 64 modular arithmetic operation
to (the mode index of the first candidate intra prediction
mode-1) and adding 2, and an intra prediction mode derived
based on a result obtained by applying the 64 modular
arithmetic operation to (the mode index of the first candidate
intra prediction mode+60) and adding 2.

Alternatively, for example, in deriving the MPM candi-
dates, if the first candidate intra prediction mode and the
second candidate intra prediction mode are not the same
intra prediction mode, the encoding apparatus may derive
the MPM candidates by determining whether any one of the
first candidate intra prediction mode and the second candi-
date intra prediction mode has a greater mode index than a
DC intra prediction mode. In this case, when any one of the
first candidate intra prediction mode and the second candi-
date intra prediction mode has a greater mode index than the
DC intra prediction mode, the MPM candidates may include
an intra prediction mode derived based on a result obtained
by applying the 64 modular arithmetic operation to (a
greater mode index of a mode index of the first candidate
intra prediction mode and a mode index of the second
candidate intra prediction mode+61) and adding 2, an intra
prediction mode derived based on a result obtained by
applying the 64 modular arithmetic operation to (a greater
mode index of a mode index of the first candidate intra
prediction mode and a mode index of the second candidate
intra prediction mode-1) and adding 2, and an intra predic-
tion mode derived based on a result obtained by applying the
64 modular arithmetic operation to (a greater mode index of
amode index of the first candidate intra prediction mode and
a mode index of the second candidate intra prediction
mode+60) and adding 2.

Alternatively, for example, in deriving the MPM candi-
dates, if the first candidate intra prediction mode and the
second candidate intra prediction mode are not the same
intra prediction mode, the encoding apparatus may derive
the MPM candidates by determining whether each of the
first candidate intra prediction mode and the second candi-
date intra prediction mode has a greater mode index than a
DC intra prediction mode. In this case, when each of the first
candidate intra prediction mode and the second candidate
intra prediction mode has a greater mode index than the DC
intra prediction mode, the MPM candidates may include an
intra prediction mode derived based on a result obtained by
applying the 64 modular arithmetic operation to (a greater
mode index of the mode index of the first candidate intra
prediction mode and the mode index of the second candidate
intra prediction mode+61) and adding 2 or an intra predic-
tion mode derived based on a result obtained by applying the
64 modular arithmetic operation to (a greater mode index of
the mode index of the first candidate intra prediction mode
and the mode index of the second candidate intra prediction
mode-1) and adding 2, based on a difference between the
mode index of the first candidate intra prediction mode and
the mode index of the second candidate intra prediction
mode.
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For example, if each of the first candidate intra prediction
mode and the second candidate intra prediction mode has a
greater mode index than a DC intra prediction mode and a
difference between the first mode index and the second mode
index is 62, the MPM candidates may include an intra
prediction mode derived based on a result obtained by
applying the 64 modular arithmetic operation to (the first
mode index+61) and adding 2.

For another example, if each of the first candidate intra
prediction mode and the second candidate intra prediction
mode has a greater mode index than a DC intra prediction
mode and a difference between the first mode index and the
second mode index is 2, the MPM candidates may include
an intra prediction mode derived based on a result obtained
by applying the 64 modular arithmetic operation to (the first
mode index-1) and adding 2.

In this case, the first mode index may indicate a larger
mode index among the first candidate intra prediction mode
and the second candidate intra prediction mode. The second
mode index may indicate a smaller mode index among the
first candidate intra prediction mode and the second candi-
date intra prediction mode.

The encoding apparatus may include the MPM candi-
dates, derived as described above, in the MPM list. In this
case, each of the MPM candidates may be sequentially
indexed within the list, and may be indicated as an index
value of the MPM list. That is, the encoding apparatus may
indicate any one of the MPM candidates within the MPM list
by signaling the index value.

The encoding apparatus may determine an intra prediction
mode of the current block (S1630).

In one embodiment, the encoding apparatus may derive
an intra prediction mode having an optimal rate-distortion
(RD) cost by performing various intra prediction modes on
the current block, and may determine the intra prediction
mode as an intra prediction mode of the current block. In this
case, the encoding apparatus may derive the best intra
prediction mode of the current block based on intra predic-
tion modes, including 2 non-directional intra prediction
modes and 65 intra directional prediction modes. The 67
intra prediction modes are the same as those described above
with reference to FIG. 10.

Furthermore, the encoding apparatus may generate infor-
mation related to the intra prediction mode of the current
block. The information related to the intra prediction mode
is information for indicating the intra prediction mode of the
current block, and may include MPM flag information,
MPM index information, remaining mode information, etc.

In one embodiment, the encoding apparatus may deter-
mine whether the determined intra prediction mode of the
current block is included in the MPM candidates within the
MPM list, and may generate MPM flag information based on
a result of the determination. For example, if the intra
prediction mode of the current block is included in the MPM
candidates within the MPM list, the encoding apparatus may
set the MPM flag information to 1. Alternatively, if the intra
prediction mode of the current block is not included in the
MPM candidates within the MPM list, the encoding appa-
ratus may set the MPM flag information to 0.

Furthermore, if the intra prediction mode of the current
block is included in the MPM candidates within the MPM
list, the encoding apparatus may generate MPM index
information for indicating the intra prediction mode of the
current block among the MPM candidates. For example, if
the MPM list is configured with k (e.g., 6) MPM candidates,
MPM index information may indicate an index value cor-
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responding to the intra prediction mode of the current block,
among 0~k-1 (e.g., 0~5) index values.

If the intra prediction mode of the current block is not
included in the MPM candidates within the MPM list, the
encoding apparatus may generate remaining mode informa-
tion for indicating the intra prediction mode of the current
block among remaining intra prediction modes except the
MPM candidates. For example, as described above, if the 67
intra prediction modes are used and the MPM list is con-
figured to include k (e.g., 6) MPM candidates, remaining
intra prediction modes may include 67-k (e.g., 61) modes
obtained by subtracting the number of MPM candidates
from a total number of intra prediction modes. Accordingly,
remaining mode information may indicate an index value
corresponding to the intra prediction mode of the current
block among 0~67-k-1 (e.g., 0~60) index values.

The encoding apparatus may generate prediction samples
for the current block by performing an intra prediction based
on the determined intra prediction mode of the current block
(S1640).

In one embodiment, the encoding apparatus may derive at
least one of neighboring samples of a current block based on
an intra prediction mode, and may generate prediction
samples based on the neighboring sample. In this case, the
neighboring samples may include the top left corner neigh-
boring sample, upper side neighboring samples and left side
neighboring samples of the current block. For example, if
the size of a current block is WxH and an x component and
y component at the top-left sample position of the current
block are xN and yN, left side neighboring samples may be
p[xN-1][yN] to p[xN-1][2H+yN-1], a top left corner
neighboring sample may be p[xN-1][yN-1], and upper side
neighboring samples may be p[xN]|[yN-1] to p[2W+xN-1]
[yN-1].

The encoding apparatus may encode image information
including the information related to the intra prediction
mode of the current block (S1650).

That is, the encoding apparatus may generate information
related to the intra prediction mode, including at least one of
the aforementioned MPM flag information, MPM index
information, and remaining mode information, and may
encode the information related to the intra prediction mode.

Furthermore, although not illustrated, the encoding appa-
ratus may derive residual samples for the current block
based on the original samples and prediction samples for the
current block, and may generate information related to a
residual for the current block based on residual samples.
Furthermore, the encoding apparatus may encode image
information including the information related to the residual,
and may output the image information in a bitstream form.

The bitstream may be transmitted to the decoding appa-
ratus over a network or through a (digital) storage medium.
In this case, the network may include a broadcasting net-
work and/or a communication network. The digital storage
medium may include various storage media, such as a USB,
an SD, a CD, a DVD, Blueray, an HDD, and an SSD.

The process of deriving a residual sample for a current
block may be performed by the subtractor 231 of the
encoding apparatus 200 disclosed in FIG. 2. The process of
generating information related to a residual may be per-
formed by the transformer 232 of the encoding apparatus
200 disclosed in FIG. 2. The process of encoding image
information including information related to a residual may
be performed by the entropy encoder 240 of the encoding
apparatus 200 disclosed in FIG. 2.
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FIG. 17 is a flowchart schematically illustrating a decod-
ing method which may be performed by the decoding
apparatus according to an embodiment of this document.

The method disclosed in FIG. 17 may be performed by the
decoding apparatus 300 disclosed in FIG. 3. Specifically,
steps S1700~S1740 in FIG. 17 may be performed by the
predictor 330 and the intra predictor 331 disclosed in FIG.
3. Step S1750 in FIG. 17 may be performed by the adder 340
disclosed in FIG. 3. Furthermore, in FIG. 17, step S1730
may be performed by the entropy decoder 310 disclosed in
FIG. 3. Furthermore, the method disclosed in FIG. 17 may
include the embodiments described in this specification.
Accordingly, in FIG. 17, a detailed description of contents
that overlap the aforementioned embodiments is omitted or
the contents are described in brief.

Referring to FIG. 17, the decoding apparatus may derive
a first candidate intra prediction mode based on a first
neighboring block located on the left side of a current block
(S1700).

In this case, neighboring blocks located adjacent to the
current block may include the neighboring block A, the
neighboring block B, the neighboring block C, the neigh-
boring block D, the neighboring block E, the neighboring
block F and/or the neighboring block G illustrated in FIG.
11. In this case, the first neighboring block is a neighboring
block located on the left side of the current block, and may
be the neighboring block D illustrated in FIG. 11, for
example. That is, the neighboring block D may indicate a
left neighboring block located on the downmost side among
left neighboring blocks neighboring the left boundary of the
current block.

In one embodiment, if the first neighboring block is
available and an intra prediction has been applied to the first
neighboring block, the decoding apparatus may derive an
intra prediction mode of the first neighboring block as the
first candidate intra prediction mode. Alternatively, if the
first neighboring block is not available or an intra prediction
is not applied to the first neighboring block, the decoding
apparatus may derive a planar mode intra prediction mode as
the first candidate intra prediction mode.

The decoding apparatus may derive a second candidate
intra prediction mode based on a second neighboring block
located on the upper side of the current block (S1710).

In this case, the second neighboring block is a neighbor-
ing block located on the upper side of the current block, and
may be the neighboring block B illustrated in FIG. 11, for
example. That is, the neighboring block B may indicate a
upper side neighboring block located on the far right side
among neighboring blocks neighboring the upper boundary
of the current block. For example, if the size of a current
block is WxH and an x component and y component at the
top-left sample position of the current block are xN and yN,
the first neighboring block may be a block including a
sample at (xN-1, H+yN-1) coordinates and the second
neighboring block may be a block including a sample at
(W+xN-1, yN-1) coordinates.

In one embodiment, if the second neighboring block is
available, an intra prediction is applied to the second neigh-
boring block, and the second neighboring block is included
in a current CTU, the decoding apparatus may derive an
intra prediction mode of the second neighboring block as the
second candidate intra prediction mode. Alternatively, if the
second neighboring block is not available or an intra pre-
diction is not applied to the second neighboring block or the
second neighboring block is not included in a current CTU,
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the decoding apparatus may derive a planar mode intra
prediction mode as the second candidate intra prediction
mode.

The decoding apparatus may configure a most probable
mode (MPM) list for the current block based on the first
candidate intra prediction mode and the second candidate
intra prediction mode (S1720).

That is, the decoding apparatus may derive MPM candi-
dates including at least one of the first candidate intra
prediction mode and the second candidate intra prediction
mode, and may configure the MPM list based on the MPM
candidates. In this case, the aforementioned various embodi-
ments may be applied to the process of configuring the MPM
list by deriving the MPM candidates. This has been
described above with reference to FIGS. 12 to 15 and Table
1 to Table 13. According to the aforementioned embodi-
ments, the MPM list may be configured by deriving the
MPM candidates depending on whether predetermined con-
ditions are satisfied based on the first candidate intra pre-
diction mode derived from the first neighboring block and
the second candidate intra prediction mode derived from the
second neighboring block.

In this case, at least one of the MPM candidates included
in the MPM list may be derived by applying a modular
arithmetic operation to the first candidate intra prediction
mode or the second candidate intra prediction mode. In this
case, in the implementation of the MPM list, an algorithm
may be implemented so that the MPM candidates having
meaningful angles (i.e., directions) are configured by con-
sidering a total number of intra prediction modes, the
direction of an intra prediction, prediction performance,
complexity, etc. In some embodiments, as in Table 9 or Table
13, the MPM candidates may be derived by applying the 64
modular arithmetic operation or the 65 modular arithmetic
operation to the first candidate intra prediction mode or the
second candidate intra prediction mode.

In one embodiment, an intra prediction mode of one of the
MPM candidates may be derived based on a result, calcu-
lated by calculating a first value by adding 61, 60, 0, or -1
to a greater mode index of a mode index (mode number) of
the first candidate intra prediction mode and a mode index
(mode number) of the second candidate intra prediction
mode, calculating a second value by applying the 64 modu-
lar arithmetic operation to the first value, and adding 2 to the
second value.

For example, in deriving the MPM candidates, if the first
candidate intra prediction mode and the second candidate
intra prediction mode are the same intra prediction mode, the
decoding apparatus may derive the MPM candidates by
determining whether a mode index of the first candidate
intra prediction mode has a greater mode index than a DC
intra prediction mode. In this case, if the first candidate intra
prediction mode has a greater mode index than a DC intra
prediction mode, the MPM candidates may include an intra
prediction mode derived based on a result calculated by
applying the 64 modular arithmetic operation to (the mode
index of the first candidate intra prediction mode+61) and
adding 2, an intra prediction mode derived based on a result
calculated by applying the 64 modular arithmetic operation
to (the mode index of the first candidate intra prediction
mode-1) and adding 2, and an intra prediction mode derived
based on a result obtained by applying the 64 modular
arithmetic operation to (the mode index of the first candidate
intra prediction mode+60) and adding 2.

Alternatively, for example, in deriving the MPM candi-
dates, if the first candidate intra prediction mode and the
second candidate intra prediction mode are not the same
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intra prediction mode, the decoding apparatus may derive
the MPM candidates by determining whether any one of the
first candidate intra prediction mode and the second candi-
date intra prediction mode has a greater mode index than a
DC intra prediction mode. In this case, when any one of the
first candidate intra prediction mode and the second candi-
date intra prediction mode has a greater mode index than the
DC intra prediction mode, the MPM candidates may include
an intra prediction mode derived based on a result obtained
by applying the 64 modular arithmetic operation to (a
greater mode index of a mode index of the first candidate
intra prediction mode and a mode index of the second
candidate intra prediction mode+61) and adding 2, an intra
prediction mode derived based on a result obtained by
applying the 64 modular arithmetic operation to (a greater
mode index of a mode index of the first candidate intra
prediction mode and a mode index of the second candidate
intra prediction mode-1) and adding 2, and an intra predic-
tion mode derived based on a result obtained by applying the
64 modular arithmetic operation to (a greater mode index of
a mode index of the first candidate intra prediction mode and
a mode index of the second candidate intra prediction
mode+60) and adding 2.

Alternatively, for example, in deriving the MPM candi-
dates, if the first candidate intra prediction mode and the
second candidate intra prediction mode are not the same
intra prediction mode, the decoding apparatus may derive
the MPM candidates by determining whether each of the
first candidate intra prediction mode and the second candi-
date intra prediction mode has a greater mode index than a
DC intra prediction mode. In this case, when each of the first
candidate intra prediction mode and the second candidate
intra prediction mode has a greater mode index than the DC
intra prediction mode, the MPM candidates may include an
intra prediction mode derived based on a result obtained by
applying the 64 modular arithmetic operation to (a greater
mode index of the mode index of the first candidate intra
prediction mode and the mode index of the second candidate
intra prediction mode+61) and adding 2 or an intra predic-
tion mode derived based on a result obtained by applying the
64 modular arithmetic operation to (a greater mode index of
the mode index of the first candidate intra prediction mode
and the mode index of the second candidate intra prediction
mode-1) and adding 2, based on a difference between the
mode index of the first candidate intra prediction mode and
the mode index of the second candidate intra prediction
mode.

For example, if each of the first candidate intra prediction
mode and the second candidate intra prediction mode has a
greater mode index than a DC intra prediction mode and a
difference between the first mode index and the second mode
index is 62, the MPM candidates may include an intra
prediction mode derived based on a result obtained by
applying the 64 modular arithmetic operation to (the first
mode index+61) and adding 2.

For another example, if each of the first candidate intra
prediction mode and the second candidate intra prediction
mode has a greater mode index than a DC intra prediction
mode and a difference between the first mode index and the
second mode index is 2, the MPM candidates may include
an intra prediction mode derived based on a result obtained
by applying the 64 modular arithmetic operation to (the first
mode index-1) and adding 2.

In this case, the first mode index may indicate a larger
mode index among the first candidate intra prediction mode
and the second candidate intra prediction mode. The second
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mode index may indicate a smaller mode index among the
first candidate intra prediction mode and the second candi-
date intra prediction mode.

The decoding apparatus may include the MPM candi-
dates, derived as described above, in the MPM list. In this
case, each of the MPM candidates may be sequentially
indexed within the list, and may be indicated as an index
value of the MPM list. That is, the decoding apparatus may
determine which one of the MPM candidates within the
MPM list is indicated based on an index value signaled by
the encoding apparatus.

The decoding apparatus may derive an intra prediction
mode of the current block based on the MPM list (S1730).

In one embodiment, the decoding apparatus may obtain
information related to the intra prediction mode of the
current block from a bitstream. The information related to
the intra prediction mode is information for indicating the
intra prediction mode of the current block, and may include
MPM flag information, MPM index information, remaining
mode information, etc.

First, the decoding apparatus may obtain MPM flag
information indicating whether the intra prediction mode of
the current block is included in the MPM candidates within
the MPM list. Furthermore, the decoding apparatus may
obtain MPM index information or remaining mode infor-
mation based on the MPM flag information.

For example, when the MPM flag information indicates 1,
the decoding apparatus may determine that the intra predic-
tion mode of the current block is included in the MPM
candidates within the MPM list. In this case, the decoding
apparatus may obtain MPM index information for indicating
the intra prediction mode of the current block among the
MPM candidates. The decoding apparatus may derive, as the
intra prediction mode of the current block, an MPM candi-
date indicated by the MPM index information within the
MPM list.

When the MPM flag information indicates 0, the decoding
apparatus may determine that the intra prediction mode of
the current block is not included in the MPM candidates
within the MPM list. In this case, the decoding apparatus
may obtain remaining mode information for indicating the
intra prediction mode of the current block among remaining
intra prediction modes except the MPM candidates. The
decoding apparatus may derive, as the intra prediction mode
of the current block, an intra prediction mode indicated by
the remaining mode information.

The decoding apparatus may generate prediction samples
for the current block by performing an intra prediction on the
current block based on the derived intra prediction mode
(S1740).

In one embodiment, the decoding apparatus may derive at
least one of neighboring samples of a current block based on
an intra prediction mode, and may generate prediction
samples based on the neighboring sample. In this case, the
neighboring samples may include the top left corner neigh-
boring sample, upper side neighboring samples and left side
neighboring samples of the current block. For example, if
the size of a current block is WxH and an x component and
y component at the top-left sample position of the current
block are xN and yN, left side neighboring samples may be
p[xN-1][yN] to p[xN-1][2H+yN-1], a top left corner
neighboring sample may be p[xN-1][yN-1], and upper side
neighboring samples may be p[xN]|[yN-1] to p[2W+xN-1]
[yN-1].

The decoding apparatus may generate a reconstructed
picture for the current block based on the prediction samples
(81750).
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In one embodiment, the decoding apparatus may use the
prediction samples directly as reconstructed samples based
on a prediction mode or may generate reconstructed samples
by adding residual samples to the prediction samples.

If a residual sample for the current block is present, the
decoding apparatus may receive information related to a
residual for the current block. The information related to the
residual may include a transform coefficient related to
residual samples. The decoding apparatus may derive
residual samples (or residual sample array) for the current
block based on the residual information. The decoding
apparatus may generate reconstructed samples based on the
prediction samples and the residual samples, and may derive
a reconstructed block or reconstructed picture based on the
reconstructed samples. Thereafter, the decoding apparatus
may apply an in-loop filtering procedure, such as deblocking
filtering and/or an SAO procedure, to the reconstructed
picture in order to enhance subjective/object picture quality,
as described above.

In the aforementioned embodiments, although the meth-
ods have been described based on the flowcharts in the form
of a series of steps or units, the embodiments of this
document are not limited to the order of the steps, and some
of the steps may be performed in a different order from that
of other steps or may be performed simultaneous to other
steps. Furthermore, those skilled in the art will understand
that the steps shown in the flowchart are not exclusive and
the steps may include additional steps or that one or more
steps in the flowchart may be deleted without affecting the
scope of rights of this document.

The aforementioned method according to this document
may be implemented in a software form, and the encoding
apparatus and/or the decoding apparatus according to this
document may be included in an apparatus for performing
image processing, for example, TV, a computer, a smart-
phone, a set-top box or a display device.

In this document, when embodiments are implemented in
a software form, the aforementioned method be imple-
mented as a module (process, function, etc.) for performing
the aforementioned function. The module may be stored in
the memory and executed by the processor. The memory
may be placed inside or outside the processor and connected
to the processor by various well-known means. The proces-
sor may include application-specific integrated circuits
(ASICs), other chipsets, logic circuits and/or data processing
devices. The memory may include read-only memory
(ROM), random access memory (RAM), flash memory,
memory cards, storage media and/or other storage devices.
That is, the embodiments described in this document may be
implemented and performed on a processor, a micro pro-
cessor, a controller or a chip. For example, the function units
illustrated in the drawings may be implemented and per-
formed on a computer, a processor, a micro processor, a
controller or a chip. In this case, information (e.g., infor-
mation on instructions) or an algorithm for such implemen-
tation may be stored in a digital storage medium.

Furthermore, the decoding apparatus and the encoding
apparatus to which this document is applied may be included
in a multimedia broadcasting transmission and reception
device, a mobile communication terminal, a home cinema
video device, a digital cinema video device, a camera for
monitoring, a video dialogue device, a real-time communi-
cation device such as video communication, a mobile
streaming device, a storage medium, a camcorder, a video
on-demand (VoD) service provision device, an over the top
(OTT) video device, an Internet streaming service provision
device, a three-dimensional (3D) video device, a virtual
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reality (VR) device, an augmented reality (AR) device, a
video telephony device, transportation means terminal (e.g.,
a vehicle (including autonomous vehicle) terminal, an air-
craft terminal, and a vessel terminal), and a medical video
device, and may be used to process a video signal or a data
signal. For example, the over the top (OTT) video device
may include a game console, a Blueray player, Internet
access TV, a home theater system, a smartphone, a tablet PC,
and a digital video recorder (DVR).

Furthermore, the processing method to which this docu-
ment is applied may be produced in the form of a program
executed by a computer, and may be stored in a computer-
readable recording medium. Multimedia data having a data
structure according to this document may also be stored in
a computer-readable recording medium. The computer-read-
able recording medium includes all types of storage devices
in which computer-readable data is stored. The computer-
readable recording medium may include Blueray disk (BD),
a universal serial bus (USB), a ROM, a PROM, an EPROM,
an EEPROM, a RAM, a CD-ROM, a magnetic tape, a floppy
disk, and an optical data storage device, for example.
Furthermore, the computer-readable recording medium
includes media implemented in the form of carriers (e.g.,
transmission through the Internet). Furthermore, a bit stream
generated using an encoding method may be stored in a
computer-readable recording medium or may be transmitted
over wired and wireless communication networks.

Furthermore, an embodiment of this document may be
implemented as a computer program product using program
code. The program code may be performed by a computer
according to an embodiment of this document. The program
code may be stored on a carrier readable by a computer.

FIG. 18 illustrates an example of a content streaming
system to which embodiments disclosed in this document
may be applied.

Referring to FIG. 18, the content streaming system to
which the embodiment(s) of the present document is applied
may largely include an encoding server, a streaming server,
a web server, a media storage, a user device, and a multi-
media input device.

The encoding server compresses content input from mul-
timedia input devices such as a smartphone, a camera, a
camcorder, etc. into digital data to generate a bitstream and
transmit the bitstream to the streaming server. As another
example, when the multimedia input devices such as smart-
phones, cameras, camcorders, etc. directly generate a bit-
stream, the encoding server may be omitted.

The bitstream may be generated by an encoding method
or a bitstream generating method to which the embodiment
(s) of the present document is applied, and the streaming
server may temporarily store the bitstream in the process of
transmitting or receiving the bitstream.

The streaming server transmits the multimedia data to the
user device based on a user’s request through the web server,
and the web server serves as a medium for informing the
user of a service. When the user requests a desired service
from the web server, the web server delivers it to a streaming
server, and the streaming server transmits multimedia data to
the user. In this case, the content streaming system may
include a separate control server. In this case, the control
server serves to control a command/response between
devices in the content streaming system.

The streaming server may receive content from a media
storage and/or an encoding server. For example, when the
content is received from the encoding server, the content
may be received in real time. In this case, in order to provide
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a smooth streaming service, the streaming server may store
the bitstream for a predetermined time.

Examples of the user device may include a mobile phone,
a smartphone, a laptop computer, a digital broadcasting
terminal, a personal digital assistant (PDA), a portable
multimedia player (PMP), navigation, a slate PC, tablet PCs,
ultrabooks, wearable devices (ex. smartwatches, smart
glasses, head mounted displays), digital TVs, desktops com-
puter, digital signage, and the like.

Each server in the content streaming system may be
operated as a distributed server, in which case data received
from each server may be distributed.

What is claimed is:

1. An image decoding method performed by a decoding
apparatus, the method comprising:

deriving a first candidate intra prediction mode based on

a first neighboring block which is located on a down-
most side among neighboring blocks neighboring a left
boundary of a current block;

deriving a second candidate intra prediction mode based

on a second neighboring block which is located on a far
right side among neighboring blocks neighboring an
upper boundary of the current block;

constructing candidate mode list for the current block

based on the first candidate intra prediction mode and
the second candidate intra prediction mode;

deriving an intra prediction mode for the current block

based on the candidate mode list;

generating predicted samples by performing prediction

for the current block based on the intra prediction
mode; and

generating a reconstructed picture for the current block

based on the predicted samples,

wherein the step of constructing the candidate mode list

includes deriving candidate modes including at least
one of the first candidate intra prediction mode or the
second candidate intra prediction mode,
wherein an intra prediction mode of one candidate of the
candidate modes is derived by deriving a first value by
adding 61, 60, 0, or -1 to a greater mode index among
a mode index of the first candidate intra prediction
mode and a mode index of the second candidate intra
prediction mode, deriving a second value by applying
a 64 modular arithmetic operation to the first value, and
deriving a result by adding 2 to the second value,

wherein the step of constructing the candidate mode list
includes deriving the candidate modes by determining
whether the first candidate intra prediction mode is
greater than a mode index of DC intra prediction mode,
based on the first candidate intra prediction mode and
the second candidate intra prediction mode being the
same intra prediction mode, and

wherein based on the first candidate intra prediction mode

being greater than the mode index of the DC intra
prediction mode, the candidate modes comprise:
an intra prediction mode derived based on a result calcu-
lated by applying the 64 modular arithmetic operation
to (a mode index of the first candidate intra prediction
mode+61) and adding 2,

an intra prediction mode derived based on a result calcu-
lated by applying the 64 modular arithmetic operation
to (a mode index of the first candidate intra prediction
mode-1) and adding 2, and

an intra prediction mode derived based on a result calcu-

lated by applying the 64 modular arithmetic operation
to (a mode index of the first candidate intra prediction
mode+60) and adding 2,
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wherein based on the first neighboring block being
unavailable, the first candidate intra prediction mode is
derived as a planar intra prediction mode, and

wherein based on the second neighboring block being
unavailable, the second candidate intra prediction mode
is derived as a planar intra prediction mode.

2. An image encoding method performed by an encoding

apparatus, the method comprising:

deriving a first candidate intra prediction mode based on
a first neighboring block which is located on a down-
most side among neighboring blocks neighboring a left
boundary of a current block;

deriving a second candidate intra prediction mode based
on a second neighboring block which is located on a far
right side among neighboring blocks neighboring an
upper boundary of the current block;

constructing candidate mode list for the current block
based on the first candidate intra prediction mode and
the second candidate intra prediction mode;

determining an intra prediction mode for the current
block;

generate prediction samples by performing a prediction
for the current block based on the intra prediction
mode; and

encoding image information including intra prediction
mode information for the current block,

wherein the step of constructing the candidate mode list
includes deriving candidate modes including at least
one of the first candidate intra prediction mode or the
second candidate intra prediction mode,

wherein an intra prediction mode of one candidate of the
candidate modes is derived by deriving a first value by
adding 61, 60, 0, or -1 to a greater mode index among
a mode index of the first candidate intra prediction
mode and a mode index of the second candidate intra
prediction mode, deriving a second value by applying
a 64 modular arithmetic operation to the first value, and
deriving a result by adding 2 to the second value,

wherein the step of constructing the candidate mode list
includes deriving the candidate modes by determining
whether the first candidate intra prediction mode is
greater than a mode index of DC intra prediction mode,
based on the first candidate intra prediction mode and
the second candidate intra prediction mode being the
same intra prediction mode, and

wherein based on the first candidate intra prediction mode
being greater than the mode index of the DC intra
prediction mode, the candidate modes comprise:

an intra prediction mode derived based on a result calcu-
lated by applying the 64 modular arithmetic operation
to (a mode index of the first candidate intra prediction
mode+61) and adding 2,

an intra prediction mode derived based on a result calcu-
lated by applying the 64 modular arithmetic operation
to (a mode index of the first candidate intra prediction
mode-1) and adding 2, and

an intra prediction mode derived based on a result calcu-
lated by applying the 64 modular arithmetic operation
to (a mode index of the first candidate intra prediction
mode+60) and adding 2,

wherein based on the first neighboring block being
unavailable, the first candidate intra prediction mode is
derived as a planar intra prediction mode, and

wherein based on the second neighboring block being
unavailable, the second candidate intra prediction mode
is derived as a planar intra prediction mode.
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3. A non-transitory computer-readable storage medium
storing a bitstream generated by the method of claim 2.
4. A transmission method of data for an image, the
transmission method comprising:

obtaining a bitstream generated based on deriving a first
candidate intra prediction mode based on a first neigh-
boring block which is located on a downmost side
among neighboring blocks neighboring a left boundary
of a current block, deriving a second candidate intra
prediction mode based on a second neighboring block
which is located on a far right side among neighboring
blocks neighboring an upper boundary of the current
block, constructing candidate mode list for the current
block based on the first candidate intra prediction mode
and the second candidate intra prediction mode, deter-
mining an intra prediction mode for the current block,
generate prediction samples by performing a prediction
for the current block based on the intra prediction
mode, and encoding image information including intra
prediction mode information for the current block; and

transmitting the data comprising the bitstream,

wherein the constructing the candidate mode list includes
deriving candidate modes including at least one of the
first candidate intra prediction mode or the second
candidate intra prediction mode,

wherein an intra prediction mode of one candidate of the
candidate modes is derived by deriving a first value by
adding 61, 60, 0, or -1 to a greater mode index among
a mode index of the first candidate intra prediction
mode and a mode index of the second candidate intra
prediction mode, deriving a second value by applying
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a 64 modular arithmetic operation to the first value, and
deriving a result by adding 2 to the second value,

wherein the constructing the candidate mode list includes
deriving the candidate modes by determining whether
the first candidate intra prediction mode is greater than
amode index of DC intra prediction mode, based on the
first candidate intra prediction mode and the second
candidate intra prediction mode being the same intra
prediction mode, and

wherein based on the first candidate intra prediction mode
being greater than the mode index of the DC intra
prediction mode, the candidate modes comprise:

an intra prediction mode derived based on a result calcu-
lated by applying the 64 modular arithmetic operation
to (a mode index of the first candidate intra prediction
mode+61) and adding 2,

an intra prediction mode derived based on a result calcu-
lated by applying the 64 modular arithmetic operation
to (a mode index of the first candidate intra prediction
mode-1) and adding 2, and

an intra prediction mode derived based on a result calcu-
lated by applying the 64 modular arithmetic operation
to (a mode index of the first candidate intra prediction
mode+60) and adding 2,

wherein based on the first neighboring block being
unavailable, the first candidate intra prediction mode is
derived as a planar intra prediction mode, and

wherein based on the second neighboring block being
unavailable, the second candidate intra prediction mode
is derived as a planar intra prediction mode.
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